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 The extraction of unconventional shale gas and its underground gas storage have the 
potential to impact surface and groundwater water quality. In New Sewickley Township, Beaver 
County, Pennsylvania, 54 unconventional gas wells were drilled between 2013 and 2019. 
Groundwater samples from 33 water wells and surface water from Brush Creek (18 samples) 
were collected and analyzed for anions, cations, and light hydrocarbons.  Results showed that at 
least 8 wells had indicators of brine contamination, and the surface waters of mine drainage. The 
Steckman Ridge natural gas storage field in Clearville, Bedford County, PA has 13 active storage 
wells. Samples were collected in 2013 and 2020 (61 total) and analyzed for anions, cations, and 
light hydrocarbons. While several water wells had iron and manganese above the maximum 
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CHAPTER 1: INTRODUCTION 
1.1  Unconventional Gas Extraction from Marcellus Shale 
1.1.1 Natural Gas  
Natural gas is a fossil fuel used every day for heating, cooking, electricity and used by 
industries to produce plastics, chemicals, and fertilizers. The modern world heavily relies on 
fossil fuels for most of these services, using oil and coal for many years. However, an energy 
shift occurred during the 21st century towards natural gas for reasons including price and 
relatively clean burning, especially in the United States. In 2019, the United States produced 
approximately 34 Tcf of natural gas, the highest annual amount recorded, and used 
approximately 31 Tcf (US EIA, 2021). 
One of the earliest documented natural gas wells was dug to 27 feet with a pick and 
shovel in 1821 by William Hart in Fredonia New York. There was enough production to supply 
lighting power for several people in the area after a few years and by 1850, the well was 
deepened to 50 feet to increase production. In Pennsylvania, the earliest shale gas wells were 
drilled near the Lake Erie shoreline in 1860 and the first commercial gas well, the Newton Well,  
was drilled in 1872 in Crawford County to a depth of 786 feet (Carter et al., 2011). 
 
1.1.2 Marcellus Shale Formation 
The Marcellus Shale Formation, named after Marcellus, New York, is a Middle 
Devonian-aged shale deposited 350-415 million years ago. Almost 140,000 square kilometers in 
size, large portions of it lie under areas of Pennsylvania, New York, and West Virginia with 
smaller portions in Maryland, Virginia, and Ohio. It may also be one of the largest natural gas 
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field throughout the U.S. with undiscovered technically recoverable gas estimates at 
approximately 410 Tcf  (Carter et al., 2011; US EIA, 2011). 
 
Figure 1. Marcellus Shale Formation extent in the northeastern U.S. 
 
More than 13,000 unconventional wells have been drilled since the beginning of the 
modern Marcellus Shale Gas Play with over 11,000 in active status as of June 2021 (PA DEP, 
2021c). In 2019, The U.S. Energy Information Administration reported Pennsylvania as the 2nd 
highest gas-producing state and as the 4th highest natural gas consuming state. 
 
1.1.3 Conventional and Unconventional Drilling 
There are two types of natural gas extraction: conventional and unconventional. These 
methods refer to the geological formation types that the natural gas is stored in underground. In 
conventional formations, the rock reservoirs with natural gas are porous but capped by a layer of 
impermeable rock above the reservoir. These formations allow the gas to flow more freely and 
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readily to the surface without a pump when extracted due to naturally occurring pressures 
(Schumann & Vossoughi, 2011). 
Unconventional extraction involves more complicated geologic formations with natural 
gas trapped in tighter, more limited areas. Natural gas in these formations, also called “tight gas” 
and typically associated with shale formations, is more difficult to extract and requires more 
invasive formation fracturing methods (Lampe & Stolz, 2015). With the Marcellus Shale 
formation, unconventional drilling has become the most common extraction method in 
Pennsylvania. 
The Renz #1 was the first unconventional well drilled in Pennsylvania for Marcellus 
Shale gas  by Range Resources-Appalachia, LLC in Washington County with production 
beginning in 2005. It was originally drilled as a vertical well in 2003 for Devonian and Silurian 
shales but in 2004, the well was hydraulicly fractured for Marcellus Shale gas with techniques 
used on the Barnett Shale play by Texas operators (Carter et al., 2011).  
 
1.1.4 Exploration and Extraction 
Several factors must be considered and addressed before a well is drilled. When a 
location is initially selected, mineral rights must be acquired, and the well must be extensively 
planned to obtain a permit from the Department of Environmental Protection (DEP). Once the 
permit is issued, a seismic survey using thumper trucks or small explosives is conducted to create 
maps of the rock strata. When initial permit requirements and leases are met and surveys have 
determined the best place to drill, the area is cleared, leveled, equipment is brought in, and the 
area is set up to begin drilling (Flaherty & Flaherty, 2014; Lampe & Stolz, 2015).  A well pad 
typically has 1 to 2 wells but can have up to 6 to 12 with each well potentially as close as 15 ft 
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apart (Flaherty & Flaherty, 2014; Helms, 2008). EQT Production Company has recently 
proposed a mega pad in Washington County, Pennsylvania with 42 wells (PA DEP, 2021c). For 
multiple wells, on-site storage containers, access for large trucks, and equipment, well pads are 
typically 3-7 acres in size (Figure 2) (Lampe & Stolz, 2015).  
 
Figure 2. Aerial photo of a well pad in Pennsylvania (Photo credit: Pete Stern & FracTracker Alliance). 
 
Directional (horizontal) drilling is the method of drilling vertically before deviating in a 
horizontal direction. This method used for unconventional wells was found to maximize the 
amount of natural gas extracted due to the large area covered by shale formations compared to 
the layer’s vertical thickness (Carter et al., 2011; Helms, 2008). The well is drilled vertically to 
approximately 1,000 ft above the shale reservoir before the drill is turned to a slight right angle, 
called the kick off point, and continues to the landing point where it meets the target shale zone 
where drilling continues horizontally for several thousand feet into the formation.  
As the well is being drilled vertically, a drill bit is inserted down a drill pipe. After 
reaching a depth of a few thousand feet, the drilling pipe is replaced with a steel pipe, called a 
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casing. The casing is permanently cemented in the well to prevent potential cave-ins and 
surrounding groundwater contamination (Figure 3) (Flaherty & Flaherty, 2014). After a well is 
drilled and cased, geologists will create a detailed report of the geologic formations called a well 
log. A well-logging tool is lowered from a wire cable from the borehole to record information 
including the rock type, depth and porosity, temperature, hole diameter, and electrical resistivity. 
The sensor takes continuous readings that produce a vertical graph of the well’s geophysical 
characteristics. The resulting log is used to confirm original exploration evaluations, determining 
if the well will be productive for commercial quantities. If estimations were incorrect and the 
well is unproductive, the well is plugged with cement (Lampe & Stolz, 2015). 
 
 
Figure 3. Cross-sections of a well casing viewed horizontally and vertically (Flaherty & Flaherty, 2014). 
 
It is important in the planning process to determine the horizontal drilling direction to 
yield the most natural gas quantities, requiring an understanding of geology and the Marcellus 
Shale formation. Figure 4a shows the directional joints in the formation, or natural fractures in 
the shale in Pennsylvania. During the generation of  hydrocarbons found in Marcellus Shale, 
fluid pressure created the J1 joints that meet the J3 joints (Carter et al., 2011; Engelder et al., 
2009). Based on these joints and wells drilled over the years, those most successful wells have 
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been drilled horizontally and perpendicular to J1 and J3 that intersect many interconnected joint 
sets (Figure 4b) (Carter et al., 2011). 
 
Figure 4. Marcellus shale formation in Pennsylvania depicting (a) the direction of shale joints (J1, J2, J3) 
and (b) the optimal drilling direction in relation to Joint 1 (Carter et al., 2011) Reprinted with permission 
from the AAPG, whose permission is required for further use. 
 
1.1.5 High-Volume Hydraulic Fracturing (HVHF) 
 High-volume hydraulic fracturing (HVHF) is used to break up the shale and releases the 
natural gas. This involves a mixture of water, chemicals, and sand injected into the well. Large 
quantities of water are required to frac a well, typically ranging from 3,800,000-5,500,000 
gallons per well in a Marcellus Shale play (C. E. Clark et al., 2011). In Pennsylvania, the water 
supply for this mixture is mainly obtained from untreated surface waters, such as stream, rivers, 
and lakes (Lampe & Stolz, 2015). Small explosives, or shots, are detonated to create fractures in 
the shale, injection of the HVFV fluids further breaks the shale formation to release the gas. Sand 
particles remain to prop open the newly made fractures and the fluids return to the surface with 
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the released gas (Figure 5) (C. Clark et al., 2013; Flaherty & Flaherty, 2014; Waxman & 
Markey, 2011).  
 
Figure 5. Process of extracting natural gas from a drilled unconventional well with HVHF 
(Unconventional Fossil Fuels, 2020). 
 
 Hydraulic fracturing processes date back to 1949, used by Stanolind Oil and Halliburton 
in Oklahoma and Texas. Halliburton patented the “hydrofrac” process of pumping large volumes 
of fluids and sand for production stimulation. Prior to HVHF, nitroglycerin or black powder was 
shot, or “torpedoed,” into the open borehole to fracture the exposed rock. This method was soon 
abandoned in the wake of HVHF due to the extremely risky and unpredictable nature of the 
practice. By 1960, 20 barrels per minute of HVHF mixture fluids were being pumped and more 
than 20% of the Appalachian Basin wells were using water as the primary frac fluid. Injecting 
large volumes of water at higher pressures was discovered to yield large production and so 
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increased over five years from 2,000-4,500 gallons of water to 12,000-20,000 gallons (Carter et 
al., 2011). 
Chemicals added to create the HVHF fluids intended to increase gas flow are a mixture 
of biocides, corrosion inhibitors, stabilizers, adjusting agents, surfactants, friction reducers, and 
gelling agents. Unfortunately, many of these chemicals are also toxic pollutants. Of the 650 
products used in HVHF fluids, 29 chemicals were identified by the United States House of 
Representatives Committee on Energy and Commerce in those products that are potential 
carcinogens, known Hazard Air Pollutants (HAPS) under the Clean Air Act, or are chemicals 
regulated under the Safe Drinking Water Act (Appendix B) (Messersmith, 2015; Waxman & 
Markey, 2011). 
 
1.1.6 Natural Gas Transportation and Storage 
Natural gas released from the shale reservoir is captured at the surface and ready to 
transfer. This is carried out by a large network of interconnecting pipelines that transport the gas 
within and outside of the state. According to the U.S. Department of Transportation Pipeline and 
Hazardous Material Safety Administration in 2019, there was a recorded total of 302,328 miles 
of gas transmission pipeline in the U.S. with 10,385 miles in Pennsylvania (PHMSA, 2020a). 
As natural gas moves through the pipelines, it begins to slow due to distance, friction, and 
elevational changes. To keep the gas flowing at an adequate pressure, compressor stations are 
placed every 40 to 70 miles along the transmission pipelines. Natural gas is pressurized at 800 to 
1,200 PSI in the transmission pipelines and compressor stations periodically provide a boost to 
ensure the pressure flows at optimum levels (Lutz et al., 2013). During the seasonal decrease in 
natural gas use through the warmer months, drilling continues and extracted gas is stored 
temporarily in underground natural gas storage facilities. 
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1.1.7 Waste Generation 
The primary wastes generated during HVHF include flowback fluids, drilling fluids, and 
drilling cuttings. Drilling fluids, also called muds, are used to remove cuttings while the well is 
being drilled. The mud is highly pressurized into the well, forcing the drilling cuttings back up 
through the drill pipe and clears the borehole for continued drilling (Flaherty & Flaherty, 2014).  
These fluids tend to have high concentrations of suspended and dissolved solid that mix with the 
cuttings, producing another form of waste to manage (Bahadori, 2013; Lampe & Stolz, 2015; 
Lutz et al., 2013).  
The flowback fluids are the mixture of water, fracturing fluids, and sand injected into the 
well to break down shale for increased gas flow and produce the largest amount of waste for 
wells. Approximately 10-70% of these fluids return to the surface during the early period of well 
production (Lutz et al., 2013). 
 
1.1.8 Waste Treatment, Storage, and Disposal 
Produced wastewaters and drill cuttings are stored in open impoundments or closed tanks 
at the drilling site. While favorable in warm, dry climates, these open areas are environmental 
hazards due to liner leaks, improper construction, or site restoration issues (Lutz et al., 2013). 
From there, produced fluids are recycled to use at other wells, sent to municipal 
wastewater treatment facilities, or disposed into Class II injection wells. With high levels of TDS 
in wastewater, the amount sent to municipal wastewater treatment facilities is limited due to 
inadequate capabilities of  treating this type of waste (C. Clark et al., 2013; Raghab et al., 2013).  
Many landfills accept drilling waste, including sand and drill cuttings. With the issue of 
drilling fluids in the cuttings, landfill leachate becomes an issue.  The leachate runoff is captured 
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in the facility and treated by different methods, including treatment by municipal wastewater 




There are nine federal regulations and policies that are applicable to oil and gas 
developmental practices established as early as 1969. However, with amendments from the 2005 
Energy Policy Act and others having been unrevised since their establishment from 1969-1986, 
seven include exemptions for hydraulic fracturing practices (Table 1). At the state level, oil and 
gas activities are regulated under the Oil and Gas Act of 2012, Coal and Gas Resource 
Coordination Act, and the Oil and Gas Conservation Law in Pennsylvania. Of these regulations, 
the Oil and Gas Act of 2012, also known as Act 13, has been the most stringent update for 
environmental protection with regards to unconventional drilling practices. Key aspects 
addressed under Act 13 included changes to permits issued and reporting requirements by the 
well operators, protection to water supplies, adoption of an impact fee, statewide environmental 
standards, chemical disclosure, and increased penalties.  
The addition of full chemical disclosure is considered “one of the most aggressive and 
transparent hydraulic fracturing disclosure laws in the country” (PA DEP, n.d.). Colorado was 
the first state to enact this law due to the exemption of the chemicals used from Occupational 
Safety and Health Administration regulations (Odom, 2011). The regulation stipulates that 
unconventional well operators must report a full submission of chemicals used to the DEP and to 
FracFocus.org for public access. The site, recommended by a report from the Department of 
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Energy, allows the public to search for wells fractured after January 1, 2011, with additional 
resources about the chemicals used, the purposes, and the typical frac fluid composition. 
 
Table 1. Federal law exemptions for hydraulic fracturing (Brady, 2012; Tip of the Mitt Watershed 
Council, 2021). 
Federal Law Exemption 
Safe Drinking 
Water Act  
(SDWA) 
Underground injection of hydraulic fracturing fluids or propping agents 
(other than diesel)  
Clean Water Act 
(CWA) 










and Liability Act 
(CERCLA) 
Under RCRA exemptions, liability, and reporting provisions not 
applicable to state approved injection fluids; natural gas and natural gas 







Not listed as required to report releases and transfers of chemicals to EPA 
and public Toxics Release Inventory 
Clean Air Act  
(CAA) 






Certain oil and gas related activities under procedural requirements for 
environmental impact assessment 
 
Multiple regulations were revised in relation to environmental protection of the area 
surrounding unconventional drilling. Unconventional wells must be at least 500 feet from 
existing buildings or water wells, 300 feet from bodies of water of wetlands greater than 1 acre, 
and 1,000 feet away from a water supply extraction point used by a water supplier. Well pads 
must maintain 100 feet between edges of disturbance and a body of water or wetland greater than 
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1 acre and cannot be drilled within a floodplain if a pit, impoundment, or tank containing 
hazardous materials will be on site. If a public or private water supply is affected by drilling 
operations, the operator must provide an alternative water source of pre-existing or better water 
quality standards. Operators have 9 months after drilling has completed to restore land surfaces 
in the area disturbed with a potential extension of 2 years by request under certain circumstances. 
If found in violation, operators are subject to criminal and civil violation penalties. Civil 
penalties were increased for operators by $50,000 USD and $4,000 USD per day for continued 
violations (PA DEP, n.d.). 
Chapter 78a under the PA Code Title 58 adopted in 2016 provides details for 
unconventional well practices. It includes information on permitting, environmental protection 
performance standards, well drilling, operation, plugging, and reporting for unconventional 
wells, and more. All well operators are expected to follow the provided rules and regulations in 
additional to those established under federal and Act 13 regulations when operating 
unconventional practices in Pennsylvania. 
 
1.2 Underground Natural Gas Storage 
Increasing natural gas consumption in the U.S. has created a demand for higher 
production rates.  However, during seasonal fluctuations, production levels are higher than 
consumption rates, creating a need for storage. The need for underground gas storage facilities 
dates to 1891 during the development of high-pressure long-distance transmissions lines. In 
1915, the first successful gas storage facility project was completed in Welland County, Ontario. 
Additional projects began in the U.S. the following year near Buffalo, New York and the first 
storage facilities in Pennsylvania developed in the 1920s (Federal Energy Regulatory 
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Commission, 2004; PA DEP, 2014). Since then, the facilities have become pivotal not only for 
seasonal demand but for peak daily and hourly uses, unpredictability of price fluctuation in the 
market, and to balance the pipeline system flow. 
As of 2019, there are 412 existing underground storage facilities across the U.S. that have 
a working gas capacity of 4,822,109 Mmcf. Of those storage facilities, Pennsylvania is home to 
49 with a working gas capacity of 427,601 Mmcf (US EIA, 2021). 
 
1.2.1 Underground Storage Facilities 
When determining a suitable underground gas storage facility, there are several features 
to consider. The geologic structure the site is determined by porosity, permeability, and retention 
capabilities. Economically, a site is evaluated by preparation and maintenance costs, access to 
transportation pipelines, total gas capacity broken down into base gas and the working gas 
capacity, deliverability rates, and located near consuming areas (US EIA, 2015) 
There are three primary types of underground storage facilities found in the U.S.: 
depleted natural gas or oil reservoirs, natural aquifers, and salt caverns (Figure 6). Of the 412 
existing facilities in the U.S., 328 are depleted field, 47 are aquifers, and 37 are salt caverns (US 
EIA, 2021). While aquifers are more common in midwestern states and salt cavern formations in 
the Gulf Coast, depleted fields are the most widespread and used underground storage facility 
type  (US EIA, 2015). Since these areas have been previously harvested of their oil or gas 
storage, formations are known to be confined by impermeable rock or a water barrier with a 
working gas capacity of approximately 50% to maintain suitable delivery rates during seasonal 
and peak-day demands (Federal Energy Regulatory Commission, 2004). 
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In Pennsylvania as of 2019, 48 of the 49 existing storage sites are depleted fields; the 
other site is an aquifer. The depleted fields account for 99.7% of the total working gas capacity 
for the state (PA DEP, 2014). Depleted fields are also the most cost-effective option, especially 
in terms of development. Due to previous exploration and production at these sites, not only are 
the geologic features well-known but provides the advantage of the existing well, gathering 
systems, and the pipeline connections  (US EIA, 2021). 
 
Figure 6. Types of underground natural gas storage facilities (US EIA, 2015). 
 
1.2.2 Storage Regulations 
Although natural gas is a form of energy production, underground natural gas storage is 
exempt from the Safe Drinking Water Act under the Environmental Protection Agency (EPA) 
Energy Policy Act of 2005. However, there are several state and federal agencies that oversee the 





At the federal level, the Pipelines and Hazardous Materials Safety Administration 
(PHMSA) has the authority to regulate natural gas transportation and storage safety measures. 
Additionally, the Federal Energy Regulatory Commission (FERC) regulates interstate pipeline 
project systems and authorizes the construction or expansion of storage facilities, service 
conditions, and provider charging rates if the storage facility provides for interstate commerce 
(PHMSA, 2021).  
If the storage facilities are not under the jurisdiction of FERC, they are regulated by the 
states. In Pennsylvania, the Department of Environmental Protection (DEP) regulates these 
facilities under Act 13. Regulations in the state began in 1955 with the Gas Operation Well-
Drilling Petroleum and Coal Mining Act. After several changes and adopted regulation over the 
years, the most recent regulations are enforced under Act 13. This act requires the exchange of 
information among the facility operators, owners or operators of underground coal mines, and 
the Pennsylvania DEP, the ability to inspect facilities and records of each other’s sites, and safety 
requirements for operations including monthly inspections of gas storage wells, annual 
inspections of storage reservoirs, well monitoring, extensive record keeping, and when to notify 
the DEP to be repaired or plugged. The inspections are critical for preventing weak areas and 
leaks and monitoring to maintain pressure (US EPA, 2016b).  
  The industry and external stakeholders have also developed two recommended practices 
accredited by the American National Standards Institute. Recommended Practices (RP) 1170 and 
1171 provide guidance for design and operations of all underground gas storage types to ensure 




1.2.2.1 PIPES Act 
Ensuring the integrity of the pipes and facilities is a key factor for environmental 
protection. Methane, a main component of natural gas, is also a greenhouse gas (GHG). It is the 
second most abundant GHG and 25 times more effective than carbon dioxide at trapping heat in 
the atmosphere (PHMSA, 2021).  
There have been several instances of failures and control issues of underground storage 
facilities, but the most notable and significant failure occurred on October 23, 2015, in Los 
Angeles, California. The Alison Canyon Natural Gas Storage Facility was found to be leaking 
stored natural gas. After seven attempts, the leak was temporarily stopped on February 11, 2016, 
and the well was sealed five days later. In total, 97,100 metric tons of methane was released into 
the atmosphere (USGS, n.d.).  
In response to this incident, as task force was formed with members from the Department 
of Energy (DOE), Department of Transportation (DOT), the Environmental Protection Agency 
(EPA), the Federal Energy Regulatory Commission (FERC), the Department of Commerce 
(DOC), the Department of Health and Human Services (HHS), and the Department of the 
Interior (DOI), and local state and local government representatives to prevent similar events 
from occurring in the future. The Protecting Our Infrastructure of Pipelines Enhancing Safety 
(PIPES) Act of 2016 was created with amendments added to the create the current PIPES Act of 
2020 (Clemens et al., 2009). This act implements mandates to “establish minimum safety 
standards for depleted-hydrocarbon reservoirs, aquifer reservoirs, and solution-mined salt 





Groundwater is a vastly important and limiting resource in the United States used for 
drinking, industrial uses, livestock, and irrigation. Water moves through the hydrologic cycle, 
evaporates into the atmosphere, and returns through precipitation to the Earth’s surface in the 
form of rain or snow. The water returns directly into bodies of water, becomes surface runoff, or 
infiltrations the ground (Clemens et al., 2009). During ground infiltration, a portion of the water 
remains close to the surface and seeps back into surface waters, but the rest moves through layers 
of permeable rock, gravel, silt, or sand into aquifers. It is from these aquifers that wells draw 
water. 
In Pennsylvania, approximately 7 inches of the precipitation in the state is surface runoff 
into various surface water features (streams, ponds, lakes, etc.) and 13 inches of water infiltrates 
the ground to recharge the aquifers (US EPA, 2015). There are over one million private water 
wells throughout the state that pump more than one billion gallons of groundwater to 3 million 
residents (Bowen et al., 2019). These residents heavily rely on these water systems, 
predominantly for safe drinking water.  
The increased potential of water contamination from multiple facets through the years has 
encouraged many homeowners to install filtration systems for their well water. Common systems 
used include sediment filtration, water softener, reverse osmosis, and UV systems for bacteria.  
However, these can be costly investments for installation and upkeep and not all well owners 




1.3.1 Drinking Water Regulations 
The Safe Drinking Water Act of 1974 was established to protect public drinking water 
throughout the United States. When tested, the water must legally adhere to the National Primary 
Drinking Water Regulations that include a detailed list of contaminants, the maximum 
contaminant level (MCL), the potential health effects from long-term exposure above the MCL, 
and common sources of the contaminant. Additionally, there are National Secondary Drinking 
Water regulations that are non-enforceable guidelines for water quality involving aesthetic 
changes to water such as odor, color, and taste (Bowen et al., 2019). 
However, these regulations do not include private water wells. Power is promulgated to 
each state DEP to establish private well water policies and they are widely inconsistent 
throughout the U.S (US EPA, 2015). Pennsylvania is one of the states where the DEP does not 
regulate private water wells. Therefore, the responsibility of safe well drilling and water testing 
falls to the residents. Without regulation, many homeowners do not regularly have their well 
water tested and may be unknowingly impacted by bacterial, parasitic, and/or chemical 
contamination. Additionally, lack of regulation causes minimal knowledge of private well care 
and maintenance, potential health risks, and inconveniences of privacy, costs, and property value 
concerns to homeowners (US EPA, 2016a). 
 Homeowners typically have their well water tested if health conditions arise, water 
quality noticeably changes, or when buying or selling a home, which tend to be infrequent and 
inconsistent events. Residents are directed to a state certified laboratory or a local health 
department to have the water tested. The EPA suggests annual testing of private wells for 




1.3.2 Water Impacts 
1.3.2.1 Unconventional Drilling Impacts 
In 2016, the EPA released a final report regarding their investigation into the impacts of 
hydraulic fracturing on the drinking water resources. The report studied the following activities 
of the hydraulic fracturing water cycle: water acquisition, chemical mixing, well injection, 
produced water handling, and wastewater management (Wilson et al., 2003). The EPA 
concluded that, under certain conditions, there is scientific evidence that these activities can 
impact drinking water.  
Unconventional drilling activities are problematic to drinking water and negatively 
impact the environment by disrupting ecosystems, especially through water acquisition and 
wastewater discharge. Concentrations of total dissolved solids in the measurements taken in 
Monongahela River in southwest Pennsylvania in 2008 and 2009 were nearly double state and 
the federal recommended levels, prompting the DEP to propose new wastewater discharge 
regulations. There were also recommendations to reuse and recycle the water used in drilling to 
reduce freshwater withdrawals and surface water discharge (US EPA, 2016a).  
 
1.3.2.2 Underground Natural Gas Storage Impacts 
The Underground Injection Control Program was created to protect sources of public 
drinking water. Under the UIC program, there are six classes of injection wells, but the injection 
of natural gas for storage is exempt from this regulation based on the rationale that “natural gas 
injection does not harm groundwater” (PA DEP, 2021c). However, if the underground facilities 
are compromised in any way, the potential for natural gas to leak into surrounding soil or rock 
formations can therefore contaminate surrounding groundwater resources. In 2005, research in 
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Tioga County, Pennsylvania determined that clusters of water wells near underground natural 
gas storage facilities had higher concentrations of methane (Breen et al., 2007).  
 
1.4 Areas of Study 
1.4.1 New Sewickley Township: Unconventional Drilling 
New Sewickley Township is a rural area of approximately 85 square kilometers located 
in the eastern portion of Beaver County. There are a little over 7,000 residents across 3,300 
households. In 2013, PennEnergy Resources LLC drilled the first fracking well and there are 
now a reported total of 54 drilled wells across 12 wells pads and one compressor station  (Figure 
7, Table 2)(PA DEP, 2021c). It has the second highest unconventional well density of all Beaver 
County municipalities with approximately 0.64 wells per km2 (Marion Twp has 1 well per km2). 
It could be considered a moderately developed shale play with area for continued exploration and 
development compared to other areas in Pennsylvania, such as Amwell Township in Washington 
County, with approximately of 1.8 unconventional wells/km2. (PA DEP, 2021c). 
Although there is no documentation of private water wells confirmed impacted by oil and 
gas activities in the county confirmed by the DEP since hydraulic fracturing started there in 
2009, there have been 59 resolved water supply complaints in the, 10 of which were in New 
Sewickley township. Half of the complaints in the township noted issues with odor, taste, and/or 
discoloring. The four most recent complaints from 2019 to 2020 were resolved without an 








Table 2. List of well pads in New Sewickley Twp. with the number of drilled wells, corresponding with 
Figure 7 from PA DEP. 




BEAVER PAD 5 4 
BEAVER PAD 8 3 
PER B11 3 
PER B22 6 
PER B24 6 
PER B25 8 
PER B37 3 
PER B39 4 
PER B7 6 
 
1.4.1.1 Brush Creek 
Brush Creek is a tributary of Connoquenessing Creek that starts in Allegheny County 
flowing northwest. A large portion of this creek flows through New Sewickley Township and is 
adjacent to several parks and trails (USGS, 1979). 
The portion of Brush Creek studied is listed under the 025 Pa. Code § 93.9w (Drainage 
List W) issued under sections 5 and 402 of The Clean Streams Law (35 P. S. § § 691.5 and 
691.402) has protected water use for warm water fishes (WWF). Under the section 93.3 of the 
code, WWF is defined as the “maintenance and propagation of fish species and additional flora 
and fauna which are indigenous to a warm water habitat.”  
Investigating the creek water quality is of interest in this study as well as groundwater 
quality in the township due to numerous well pads in the township, a nearby landfill, a 
wastewater treatment facility with two outfalls directly into the creek, and a surface water 
withdrawal facility along the creek. 
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The water treatment facility, Brush Creek Treatment Plant, is located on the edge of 
Beaver and Butler counties. There are 5 outfall locations listed on the NPDES permit with two 
directly discharging into the creek. There is no documentation or reports of this facility accepting 
or treating leachate from any facilities associated with unconventional drilling.  
Brunner Landfill accepts municipal and demolition waste in addition to contaminated soil 
and residual or manufacturing wastes (Joseph J. Brunner Inc.: Waste Removal and Recycling, 
2021) . The facility is located at an elevation of approximately 1096 ft (334m) above Brush 
Creek, at elevation 951 ft (290m). There is no documentation or reports of accepting wastes from 
unconventional drilling activities but there are two basins that collect stormwater on facility 
property near equipment, active landfill area, and haul roads that discharge into an unnamed 
tributary that meets Brush Creek. There have been four violations for this facility from 2010-
2019 for site conditions presenting “a potential for pollution to waters of the Commonwealth,” 
“Discharge Monitoring Report was not submitted or DMR was incomplete,” and issues with 
NPDES permits for “failure to use a format process required by DEP for self-monitoring results” 
and “failure to utilize approved analytical methods” (PA DEP, 2021b). 
In addition to the unconventional wells in the township, PennEnergy also owns and 
operates two surface water withdrawal facilities along Brush Creek. The Source 10 facility 
within this particular area of study was registered and initiated in 2016, is designated as still 
active but has not withdrawn water since June 2017. The last report above 0 gallons was 961,884 






1.4.2 Clearville: Underground Natural Gas Storage  
Clearville is a predominantly rural area in Bedford County, south central Pennsylvania. 
Located on the edge of the Marcellus shale formation, there is no longer active gas exploration 
and drilling but has multiple underground gas storage facilities in depleted reservoirs of Oriskany 
Sandstone in the Appalachian Basin (Ryder et al., 2012). The facilities have been in use 
anywhere from 12-18 years, the oldest in use since October 2002. There are currently 13 active 
underground gas storage facilities with a total capacity of 12 Bcf in the northern part Monroe 
Township, referred to as Steckman Ridge (Figure 9, Table 3) (PA DEP, 2021c). Steckman Ridge 
connects to the Spectra Energy Corp Texas Eastern Transmission system (Figure 8). 
 
 
Figure 8. The Texas Eastern Transmission System connected to the Steckman Ridge storage field 




Figure 9. Underground gas storage wells of the Steckman Ridge storage field in northern Monroe Twp., 




Table 3. Steckman Ridge Natural Gas Underground Facility overview (US EIA, 2021). 
Base Gas 5,700,000 Mcf       
Working Gas Capacity 12,000,000 Mcf     
Total Field Capacity 17,700,000 Mcf     
Maximum Daily Delivery 300,000 Mcf          
 
Since 2007, residents around the Steckman Ridge storage field have noticed changes to 
their water quality in addition to health issues in their livestock and themselves. A study 
published in 2012 of underground natural gas storage impacts surveyed residents in Clearville of 
the health effects they were experiencing, shown in Table 4. However, these symptoms include 
the entirety of Clearville, PA including residents near the two other storage fields south of 
Steckman Ridge, Artemas A and Artemas B, without designating which storage facility they live 
near (Steinzor, 2014; Steinzor et al., 2012). Additionally, there have been 17 water complaints 
filed with the PA DEP from 2007-2013 in Monroe Twp. that were all resolved as having not 
been impacted by oil and gas activities. There is no additional information provided regarding 
the nature of the problem or cause of impact (PA DEP, 2021c). 
 
Table 4. Ranking of symptom categories and percentage of residents reporting those symptoms in 
Bedford County, Pennsylvania (Steinzor et al., 2012). 
Rank Symptom Category % of individuals reporting 
conditions 
1 Sinus/Respiratory 80 
2 Behavioral/mood/energy 60 
3 Muscles/joints 55 
4 Digestive/stomach 55 
5 Neurological 45 
6 Skin reactions 45 
7 Ear/nose/mouth 40 






CHAPTER 2: SPECIFIC AIMS AND RESEARCH QUESTIONS 
2.1 Specific Aims 
The purpose of this study is to investigate groundwater and surface water quality in 
relation to ongoing unconventional hydraulic fracturing processes in western Pennsylvania from 
natural gas extraction to underground storage.  
New Sewickley Twp. has had active hydraulic fracturing since 2013. Some residents of 
the area have shown interest in switching to city water, but this comes at a large infrastructure 
cost to the township. A detailed study of hydraulic fracturing and groundwater quality in the 
township can provide additional beneficial information to the township in any future assessments 
regarding  switching to city water. Additionally, Brush Creek runs through a substantial portion 
of the township adjacent to many homeowner properties and public parks. Investigating a small 
section of the creek surface waters can also be beneficial information to the township in relation 
to impacts from salt runoff during winter, potential runoff impacts from a nearby landfill, active 
hydraulic fracturing in the area, and quality of the water by a water treatment facility.    
In Clearville, Bedford County, PA residents have experienced health issues in themselves 
and the livestock and have been concerned with these impacts originating from their 
groundwater quality in relation to underground gas storage. While the chemical analyses of water 
samples may not parallel those found in groundwater impacted by hydraulic fracturing, 
comparing data from water samples and resident surveys obtained in 2013 and 2020 may show 
trends in the water quality over time.  
1. Create a map of unconventional drilling and hydraulic fracturing activities throughout 
New Sewickley Township. This includes all well pads, well boreholes, and lateral lengths 
drilled for each well that have been drilled. 
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2. Evaluate the groundwater quality in private wells near active unconventional hydraulic 
fracturing in New Sewickley Township. 
3. Evaluate the quality of surface water along a portion of Brush Creek surrounded by a 
water treatment facility with outfalls directly into the creek, a landfill, a surface water 
withdrawal facility, and active unconventional wells.  
4. Evaluate the long-term quality of groundwater in areas near underground natural gas 
storage in Clearville, Pennsylvania. 
5. Compare well water quality from resident survey responses and chemical analysis results 
in both New Sewickley Township and Clearville. 
 
2.2 Research Questions 
1. Can analysis of surface water and groundwater samples be used to determine if water 
resources are impacted by oil and gas activities in New Sewickley Township, 
Pennsylvania, an area with active unconventional hydraulic fracturing, and in Clearville, 
Pennsylvania, an area with underground natural gas storage?  
2. Can chemical ratios (e.g., Br/SO4, Mg/Li, Ca/Mg, Ca/Sr, and SO4/Cl) determine and 
distinguish if the water is impacted and the source(s) of impact in New Sewickley 
Township? 
3. While the potential water quality impacts may not produce the same results seen in areas 
impacted by unconventional hydraulic fracturing, can water quality analyses and resident 
surveys from 2013 and 2020 determine if water resources are impacted in Clearville, 
Pennsylvania by underground natural gas storage? 
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CHAPTER 3: MATERIALS AND METHODS 
3.1 Resident Survey 
A survey is given to each homeowner to collect information about the well and if they 
have experienced any changes in the well water quality. The following six survey questions have 
been reviewed and approved by Duquesne University’s Internal Review Board (IRB) under 
Protocol 2019-01-14: 
1. Do you have well water and where is your well located? 
2. What kind of well is it (e.g., artesian, rotary, cable tool)? 
3. Do you know how deep the well is and have you noticed a change in your well depth? 
4. Have you noticed any change in water quality (taste, smell, color) and if so, when? 
5. Have you noticed any change in water flow or quantity? 
6. Have you had the water tested and would you be willing to share those results? 
A consent form approved by Duquesne University is signed by the researcher and 
homeowner detailing the scope of the project, source of funding, and information confidentiality 
(Appendix C). 
 
3.2 Water Sample Acquisition  
 Samples are collected prior to filtration/softener systems. The well lines are purged 5-10 
minutes unless the homeowner is experiencing water shortages. Samples are collected in a 1-L 
French square glass bottle that was prerinsed with sample water, (VWR International, 
Bridgeport, NJ), a pre-acidified 60ml pulp/vinyl interior French square bottle (VWR 
International, Bridgeport, NJ), and two pre-cleaned 40 mL amber glass vials with a screw cap 
and PTFE faced 0.125" silicone septa leaving no head space (Restek, Bellefonte, PA). 
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Surface water samples are collected once a month from October 2020, except for January 
due high volume of snow and ice making conditions difficult for sampling,  through May 2021 to 
measure for consistencies and seasonal changes.  
All samples collected are stored on ice in the dark and transported back to the lab and 
stored at 4°C until analysis. 
 
3.3  Field Analysis with YSI-Pro Plus Multimeter  
A YSI-Pro Plus Multimeter (YSI Incorporated, Yellow Springs, OH) is used for on-site 
preliminary analysis of the water samples measuring temperature (°C), dissolved oxygen (DO % 
and DO mg/L), pH, pressure (mmHg), conductivity (μS), and specific conductivity (μS\cm). The 
probes are submerged in the sample and allowed to stabilize before measurements are recorded 
on a YSI data sheet (Appendix D). Two measurements are taken for each well/location to 
average the measurements.  
 
3.4 Laboratory Analysis  
3.4.1 Ion Chromatography (IC) – Anion analysis 
 Ion Chromatography (IC) is used for anion analysis as described in Cantlay et al., 2020a. 
Prior to analysis, samples are prepared by filtering through 0.2 μm PES filter (VWR, Bridgeport, 
NJ) and a Dionex OnGuard II M filter (Dionex, Sunyvale, CA, USA), Dionex polyvials (Dionex, 
Sunyvale, CA, USA) to remove suspended solids and transition metals. Dionex polyvials 
(Dionex, Sunnyvale, CA, USA) are then filled with 5ml of filtered sample. 
Water samples are then delivered to a Dionex ICS-1100 Ion Chromatography System, 
equipped with a conductivity cell and UV/VIS detector, by a Thermo Scientific Dionex AS-DV 
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auto-sampler. Instruments are controlled and data processed and collected by a Thermo 
Scientific Dionex Chromeleon 7 Chromatography Data System. To separate the target anions, an 
IonPac AS22A Carbonate Eluent Anion-Exchange Column (2 x 250, 6.5 μm particle diameter) 
with an IonPac AG22 Guard Column (2 x 50mm) combined with an anion self-regenerating 
suppressor ASRS-300 is used. 
 Seven anions are analyzed by the IC: fluoride, chloride, nitrite, nitrate, bromide, 
phosphate, and sulfate. The Minimum Detection Limits (MDLs) for each target anion are listed 
in Table 5. 
Table 5. Minimum detection limits (MDLs) for target anions analyzed with ion chromatography. 










3.4.2 Inductive Coupled Plasma Mass Spectrometry (ICP-MS) – Cation Analysis 
 
 Inductively coupled plasma mass spectrometry (ICP-MS) is used for cation analysis as 
described in Cantlay et al., 2020b. Water samples are prepared for analysis by filtering 1 mL of 
sample through a 0.2 μm PES filter (VWR, Bridgeport, NJ) and are then diluted with 2% nitric 
acid. For quality control purposes, beryllium, germanium, and titanium  are added as internal 
standards. 
 A Perkin-Elmer NexION 300x (Waltham, MA, USA), in collaboration with the 
University of Pittsburgh, is used with a Perkin Elmer S10 Autosampler and NexION 300x ICP-
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MS software to analyze water samples for 32 metals  following the methods of EPA 200.8, 
Revision 5.4. The MDLs for the target cations are listed in Table 6. 
 
Table 6. Minimum detection limits (MDLs) for target cations analyzed with ICP-MS. 
Cation Minimum Detection Limit (ppb) 
Lithium (Li) 0.1 
Boron (B) 2.5 
Sodium (Na) 0.5 
Magnesium (Mg) 3.5 
Aluminum (Al) 2.5 
Silicon (Si) 30 
Phosphorus (P) 2 
Potassium (K) 2 
Calcium (Ca) 2.5 
Titanium (Ti) 0.2 
Vanadium (V) 2 
Chromium (Cr) 0.1 
Manganese (Mn) 1 
Iron (Fe) 1.5 
Cobalt (Co) 0.1 
Nickel (Ni) 0.1 
Copper (Cu) 2 
Zinc (Zn) 1 
Arsenic (As) 0.2 
Selenium (Se) 0.5 
Rubidium (Rb) 0.002 
Strontium (Sr) 0.1 
Molybdenum (Mo) 0.1 
Silver (Ag) 8 
Cadmium (Cd) 0.02 
Tin (Sn) 0.2 
Antimony (Sb) 0.2 
Barium (Ba) 0.5 
Tungsten (W) 0.004 
Mercury (Hg) 0.07 
Uranium (U) 0.03 
Lead (Pb) 0.03 
 





3.4.3 Gas Chromatography (GC) – VOC Analysis 
 
 Water samples are analyzed using a Shimadzu Nexis GC-2030AF (Columbia, MD, USA) 
with an HS-20 Headspace Autosampler and LabSolutions software. Analysis methods are based 
on and modified from the PA-DEP 9243 method. 
 Four VOCs are measured by the GC: methane, ethane, ethene, and propane. The MDLs 
for the target cations are listed in Table 7. 
 
Table 7. Minimum detected limits (MDLs) for VOCs analyzed with gas chromatography. 







3.5 Data Mapping 
 
A hand-held GPS unit (GPSMAP 62s by Garmin) was used to record the coordinates of 
the well location on homeowner properties and sample location for surface water sites. 
Coordinates for the drilled gas wells and storages wells were found on the Pennsylvania 
Department of Environmental Protection’s Oil and Gas database and through a file review. 
Outflow locations for the water treatment facility along Brush Creek were obtained from the 
facility’s NPDES permit (Appendix E). All locations were mapped using the geographic 





3.6 Data Management and Analysis 
Sample data was entered and stored in a master Microsoft Excel spreadsheet, saved in a 
secure Google Drive only accessible to Duquesne University researchers part of this study. Each 
sample was assigned an identification number for organization and to avoid using home 
addresses for confidentiality. Copies were made of the signed consent forms and stored in a 
binder in order of identification number.  
File requests were submitted to the Pennsylvania Department of Conservation and 
Natural Resources (PA DCNR) to obtain additional information for wells in the areas of study. 
These files included detailed information of well location plats, providing coordinates also 
mapped in ArcMap 10, and completion reports (Appendix G and Appendix H).  
 
3.6.1 Reporting Data 
When all chemical analyses were complete and entered in the master Microsoft Excel 
spreadsheet, letters were written to the homeowners with the results of their water quality test.  
Analytes were compared with the EPA’s Primary and Secondary Drinking Water Standards 
(Table 8). Homeowners were mailed a letter listing any analytes exceeding the EPA MCLs, a 
detailed report of the water results, a copy of the EPA’s standards for reference, and their 








Table 8.  EPA Primary and Secondary Drinking Water Standards and MCLs (US EPA, 2021). 
Primary Drinking Water Standards MCL (mg/L) 
Antimony (Sb) 0.006 
Arsenic (As) 0.010 
Barium (Ba) 2 
Cadmium (Cd) 0.005 
Chromium (Cr) 0.1 
Copper (Cu) 1.3 
Fluoride (F) 4.0 
Nitrate (NO3) 10 
Nitrite (NO2) 1 
Selenium (Se) 0.05 
Uranium (U) 0.03 
Secondary Drinking Water Standards MCL (mg/L) 
Aluminum (Al) 0.05-0.2 
Chloride (Cl) 250 
Copper (Cu) 1.0 
Fluoride (F) 2.0 
Iron (Fe) 0.3 
Manganese (Mn) 0.05 
pH 6.5-8.5 
Silver (Ag) 0.10 
Sulfate (SO4) 250 
Total Dissolved Solids (TDS) 500 
Zinc (Zn) 5 
 
 
3.6.2 Geochemical Ratios 
 OriginLab 2021 software (OriginLab, Northampton, Massachusetts) was used for 
statistical analysis of cation and anion mass ratios comparing BrSO4 vs Mg/Li, Ca/Mg vs. Ca/Sr, 
Mg/Na vs. SO4/Cl, and SO4/Cl vs. Mg/Li (Cantlay et al.,2020a; Cantlay et al., 2020b; Cantlay et 
al., 2020c). These ratios can be used to determine and discern source(s) of impact on ground and 
surface water among unconventional gas (UG), conventional gas (CG), conventional oil (CO), 
and abandoned mine drainage (MD) brines. Additionally, the ratios SO4/Cl vs. Mg/Li and Mg/Na 
vs. SO4/Cl may be beneficial in tracking contamination over time for underground natural gas 
storage (Cantlay et al., 2020c).  
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CHAPTER 4: NEW SEWICKLEY RESULTS 
4.1 File Review 
All well pads are operated by PennEnergy. Information detailing well production, waste 
generation, any violations was obtained from the PA DEP’s public oil and gas report records 
from when drilling began in 2013 through 2020. Well location plats for the well pads in the 
township, including completion reports for pad B11 were formally requested from the PA DCNR 
(Appendix G and Appendix H).  
Each well plat included an aerial and vertical drawing of the well. To project the most 
accurate representation of drilled well path and length, coordinates were used for kick off points 
(sometimes including two KOPs for adjustment during vertical drilling), landing points, and 
bottom holes . The coordinates were the same for the top hole and first kick off point. Drilled 
lateral lengths were compared between the reported length on the files and the resulting length 












4.1.1 Well Location, Production, and Waste  
 




Since 2013, a total of 54 wells have been drilled on 12 wells pads in New Sewickley 
Twp. The total horizontal length drilled from landing point to bottom hole ranges from 3,650 – 
9999.38 ft and a total vertical depth ranges 4,974 – 5,751 ft, per the data from the location plats. 
(Appendix I). Of these wells, well pad B25 has 8 wells that were drilled in 2019 and are 
designated regulatory inactive, meaning the wells are capable of producing but have been 
requested by the operator to halt operation. This status remains for 5 years from the initial 
request and must be renewed yearly after that period (PA DEP, 2021c). Well pad PER B7 has 7 
wells drilled in early 2019 with active status but have not been producing since late 2019 (PA 
DEP, 2021c). 
 There have been violations at three of the well pads from 2014 including B1, PER B22, 
and PER B24. In 2014, B1 received a violation for “failing to properly control or dispose of 
industrial or residual waste to prevent pollution of the waters of Commonwealth” regarding an 
above-ground storage tank to store frack fluids but was resolved within 5 days of the violation. 
There was a period of no violation until 2018 when well pad B22 received violations under Code 
CSL 401 for a “light brown free product” in a rain garden channel where distressed vegetation 
was also observed. A follow-up inspection reported informing the operator to remove the 
substance. Well pad B24 was cited in September 2020 for numerous violations during a full-site 
inspection. The violations were for site stabilization (temporary and permanent), well site 
restorations, permit requirements, permit termination, site restoration, well development 






4.1.2 Water Consumption 
 
 For wells 2H-4H on well pad B11, the average amount of water used for well stimulation 
was almost 14,000,000 gallons (Table 9). This volume is comprised mainly of freshwater taken 
from Brush Creek and 13% is recycled water previously used at other wells. An average of 1,726 
gallons of water were used per foot of lateral stimulation in the B11 wells. With this value, 
approximately 672,924,854 gallons of water were used across all 54 wells (Appendix H). 
 
Table 9. Volume of water used on the B11 well pad from PA DEP and PA DCNR. 
Well Name Fresh Water (gallons) Recycled Water 
(gallons) 
Total (gallons) 
2H 11,411,064 2,771,412 14,182,476 
3H 11,729,382 1,120,476 12,849,858 
4H 13,156,920 1,318,254 14,475,174 
Average 12,100,000 1,740,000 13,800,000 
 
 
4.1.3 Waste Generation 
 
 For years 2013-2016, waste was reported in six-month intervals but starting in 2017 was 
reported monthly. Waste production began when drilling started in 2013 of well pad B1 with 
wells 1H, 2H, and 3H-UD. A total of 82,731 barrels of liquid waste and 2,291 tons of solid waste 
have been generated as this well pad alone (Table 10). From the drilled wells, there has been a 
reported total of 2,598,475 barrels of liquid waste and 44,558 tons of solid waste produced. Most 
liquid waste is produced fluids that include flow-back and brine, followed by smaller percentages 
of drilling fluids, unused fracturing fluids, and other undefined liquid waste (Figure 11). 




Table 10. Natural gas and waste production from the wells 1H, 2H, and 3H-UD at well pad B1 from 
2013-2020 from PA DEP. 
Year Gas Produced (Mcf) Liquid Waste (Bbl) Solid Waste (Tons) 
2013 0 6,732 2,109 
2014 0 0 109 
2015 2,051,819 36 45 
2016 3,169,430 30,570 28 
2017 2,400,614 15,303 0 
2018 2,113,840 11,811 0 
2019 1,873,151 9,569 0 
2020 1,725,885 8,710 0 




Figure 11. Total liquid waste produced from drilled wells in New Sewickley Twp. from 2013-2020 from 
PA DEP. 
  
Drilling fluid waste has fluctuated from 2013-2020 based on the SPUD dates of the wells 
in the township. Well pad B1 was the only one with drilling activity in 2013. By 2018, drilling 
fluids peaked at almost 45,000 barrels with 12 wells with SPUD dates from late 2017 to earlier 
2018 and 14 wells in 2019 (Figure 12a). 
 Waste from produced fluids was reported from 2016 on, reaching highest volumes in 












correlates with production rates (Figure 15). In 2019, total produced fluid waste reached almost 







Figure 12. Yearly total (a) drilling fluid waste and (b) produced fluid waste from all drilled wells from 










































 Solid wastes are mostly drill cuttings from the initial well drilling with small percentages 
of flowback sands and muds mixed in the servicing fluids and unused fracturing fluids (Figure 
13). Other solid wastes reported but were less than 1% include contaminated soil from spills, 
synthetic liner materials, wastewater treatment sludge, and filter socks (PA DEP, 2021c).  
 
 
Figure 13. Total solid waste produced from drilled wells in New Sewickley Twp. from 2013-2020 from 
PA DEP. 
 
 From 2013-2018, drill cutting waste increased from an estimated 2,000 tons to 11,000 
tons, correlating with the additional wells drilled. Drill cuttings decreased by 3,000 tons from 
















Figure 14. Yearly total drill cutting waste from drilled wells from 2013-2020 in New Sewickley Twp., 
Pennsylvania from PA DEP. 
 
 The waste reports show the disposal methods for all liquid and solid wastes for wells. 
Most produced fluids were reused at a different well pads within Pennsylvania while remaining 
liquid waste is sent to Ohio injection wells, residual waste disposal processing facilities, and 
wastewater treatment facilities. Solid wastes were disposed in landfills and at residual waste 
disposal processing facilities. 
 
4.1.4 Natural Gas Production 
 
 Natural gas production has increased over the years as new well were drilled. Even 
though SPUD dates for well pads B1, B2, and B3 were in 2013 and 2014, natural gas production 
did not begin until 2015. Production peaked in 2019 from all 12 well pads at almost 30,000,000 
Mcf but began to decrease in 2020 down to approximately 22,000,000 Mcf. This is attributed to 
the regulatory inactive status for all eight wells on pad PER B25 and lack of production from the 















Figure 15. Total yearly natural gas production from all drilled wells from 2013-2020 in New Sewickley 
Twp., Pennsylvania from PA DEP. 
 
 
4.2 Well Water Quality 
 A total of 33 water samples were collected from 23 different homes with corresponding 
water well depths found in Appendix J. Two homes were originally sampled in 2015 and were 
resampled a second time from 2019-2020. Figure 16 displays the locations of the water samples 



























Water test results for all samples can be found in Appendix P through Appendix S. 
Results were compared with the EPA’s Primary and Secondary Drinking Water Standards. Any 
analytes that exceeded the MCLs were noted for letters to the homeowners and for analysis. Of 
the 33 samples, analytes exceeding the MCLs in at least two homes included nitrite (primary), 
pH, TDS, chloride, nitrate, aluminum, manganese, iron (secondary), and included elevated levels 
of methane (Table 11).  Barium, antimony, and arsenic (primary) exceeded the MCLs, once each 
in separate homes, but were not included in the table ranges and means.  
 
Table 11. EPA analytes exceeding MCLs and the PA DEP level of concern for methane present in 2 or 
more samples. 
Analyte MCL Range Mean  
As 0.010 mg/L <0.001 – 0.037 0.004 mg/L 
Pb 0.015 mg/L 0.0001 – 0.026 0.0027 mg/L 
NO3 10 mg/L 0.03 – 16 3.6 mg/L 
Al 0.05-0.2 mg/L 0 – 0.3 0.03 mg/L 
Cl 250 mg/L 1.20 – 1,60 107 mg/L 
Fe 0.3 mg/L 0.03 – 1 0.4 mg/L 
Mn 0.05 mg/L <0.001 – 0.5 0.08 mg/L 
pH 6.5-8.5 6.8 - 9.1 7.8 
TDS 500 mg/L 115 – 3,050 491 mg/L 
CH4 7,000 µg/L 0.58 – 54,700 3,780 µg/L 
 
 The two analytes most commonly exceeding MCLs were manganese (10 samples) and 
iron (12 samples). Three samples exceeded at least four MCLs, including high methane levels: 







Table 12. Water samples with high methane levels and analytes exceeding EPA MCLs. 
Analyte MCL MS1606 MS1609 MS1642 
As 0.010 
mg/L 
 0.037 mg/L   
Pb 0.015 
mg/L 
0.02 mg/L    
Sb 0.006 
mg/L 
0.01 mg/L   
Al 0.05-0.2 
mg/L 
0.06 mg/L    
Cl 250 mg/L  1,604 mg/L  
Fe 0.3 mg/L   1 mg/L 
Mn 0.05 mg/L 0.5 mg/L   0.09 mg/L 
pH 6.5-8.5   8.7 
TDS 500 mg/L 565 mg/L  3,046 mg/L  
CH4 7,000 
µg/L 
10,600 µg/L 54,700 µg/L 17,200 µg/L 
 
 
4.2.1 Geochemical Ratios 
  After calculating the analyte ratios of interest from the water test results, samples were 
plotted on the four OriginLab graphs. Figures 17-20 show where the analyte ratios plotted in 
relation to potential sources of water impacts. Most of the samples plotted in or near mine 
drainage parameters but there were also multiple samples that showed water impacts from oil 
and gas brines and others trending towards the same but fell outside of the ellipses parameters.  
  Analyte ratios of SO4/Cl to Mg/Li in Figure 17 show two samples, MS1609 and MS1685, 
close to CG/UG parameters with a few additional samples trending towards oil and gas brine 
parameters. SO4/Cl showed a separation of mine drainage brines to oil and gas brines, below 
approximately 0.22, with some homes in central separation area. The samples closest to CG and 
UG differed from those within CO parameters based on the Mg/Li ratios. MS1609 and MS1685 
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had lower Mg/Li ratios under 115 while Mg/Li ratios of the samples in CO parameters were 
above 150.  
    
 
Figure 17. SO4/Cl to Mg/Li analyte ratios for New Sewickley Twp. 
 
Six samples had Mg/Na to SO4/Cl that indicated potential impacts from UG brines, with 
samples MS349 and MS1608 directly within the parameters (Figure 18). These six samples had 
Mg/Na ratios from 0.0042-0.01 mg/L and SO4/Cl ratios from 0.00003-0.3 mg/L. Samples 
MS1607 and MS1685 were both under 0.3 mg/L of SO4/Cl but varied with the Mg/Na ratios. MS 
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1607 had a high level of magnesium (26.07 mg/L) while MS1685 had a high concentration of 




Figure 18. Mg/Na to SO4/Cl analyte ratios for samples in New Sewickley Twp. 
 
While Ca/Sr to Ca/Mg ratios have been shown to effectively distinguish conventional and 
unconventional oil and gas activities, none of the water samples fell within the unconventional 
gas parameters. Most samples plotted within an overlapping portion including mine drainage, 
conventional oil, and conventional gas. While MS1609 did not plot within UG parameters, it was 
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on the edge of the other three parameters, indicating sources of impact to water quality. MS1647 
did not fall within any parameters but had a ratio of Ca/Sr, 8.61 mg/L, similar to samples that 
would be impacted by UG brines. It’s low ratio of Ca/Mg places it outside of the parameters due 
to the low calcium level (Figure 19).  
 
Figure 19. Ca/Sr to Ca/Mg analyte ratios for samples in New Sewickley Twp. 
 
 
A limited amount of water samples had quanitifiable bromide levels providing 
comparable ratios for Br/SO4 to Mg/Li (Figure 20). MS1685 was the only sample to plot directly 
within the unconventional gas parameters without overlapping with conventional gas. MS447 
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and MS1609 also plotted closely among UG, CG, and CO, indicated potential impacts from oil 
and gas brines. The remaining samples plotted between mine drainage and conventional oil with 
most of them closer to conventional oil parameters. MS1687 plotted the furthest from all four 
categories due to the high ratio of Mg/Li from high levels of magnesium. 
 
 
Figure 20. Br/SO4 to Mg/Li analyte ratios for samples in New Sewickley Twp. 
 
 Based on the mass ratios from Figures 17-20, eight homes of interest were mapped in 
Figure 21 to compare potential oil and gas brine sources in relation to drilled well laterals. There 
were two small clusters observed: three samples (MS349, MS1685, and MS1688) in the 
northeast part of the township between well pad laterals from B1 and B3, also near the 
compressor station, and two samples (MS447 and MS1646) east-southeast by well pads laterals 
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from B2 and B22. While MS1609 is not within a cluster one of these clusters, it is a sample of 
interest based on water quality test results and analyte ratios and is the only water sample out of 
the 5 homes withing that area indicating potential brine sources from oil and gas. The other four 
samples only showed potential impacts from MD and CO from Ca/Mg vs. Ca/Sr. The other two 
samples, MS1606 and MS1608, are located in the north-central part of the township. MS1608 is 
directly between lateral from well pads B11 and Beaver Pad 5, with coordinates from the bottom 





Figure 21. Water samples collected in New Sewickley Twp. with water wells of interest from mass ratio 




 The two homes sampled twice were plotted on three of the four OriginLab graphs to 
analyze for any apparent trends. They were not plotted on Br/SO4 vs. Mg/Li due to bdl levels of 
bromide. Home 1, located near laterals for two B2 wells, remained outside of the ellipses for all 
sources but shifted between conventional oil and mine drainage. In 2015, this home plotted 
directly on the line for conventional oil within the mine drainage scope on Ca/Sr vs. Ca/Mg but 
has since shifted outside of mine drainage with an increase in calcium from 2.17 mg/L to 17.25 
mg/L in 2020. There was a slight shift closer to unconventional gas due to an increase in chloride 
(2.18 mg/L to 4.6 mg/L) on Mg/Na vs. SO4/Cl. Home 2, however, remained clustered in or near 
mine drainage parameters for all three graphs. The only shift observed was on Ca/Sr vs. Ca/Mg 
outside of the mine drainage ellipses due to a decrease in strontium from 2015 to 2019 by an 
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Figure 23. Mg/Na to SO4/Cl analyte ratios for Homes 1 and 2 samples over time New Sewickley Twp. 
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Figure 24. Ca/Sr to Ca/Mg analyte ratios for Homes 1 and 2 samples over time New Sewickley Twp. 
 
 
4.2.2 Resident Surveys 
 Of the water samples collected, 29 surveys were answered by residents across the 23 
homes. If multiple samples were taken at a single house, survey questions were answered when 
possible. Six surveys reported quality issues and three reported quantity issues (Figure 25a). The 
quality issues reported by the six surveys noted issues specifically with odor, color, and taste 
(Figure 25b).The two homes originally sampled in 2015 answered the survey for both years of 
sample. While Home 2 reported no to quality and quantity issues in 2015 and 2019, Home 1 
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Figure 25. Survey responses from New Sewickley Twp residents (a) if there were changes in water 
quality and quantity and (b) types of water quality issues if  answered “yes. 
 
 
4.3 Brush Creek 
Three sample locations were selected and sampled along Brush Creek once a month for 6 
months. Within the area sampled, there is a wastewater treatment plant, a landfill, a surface water 
withdrawal station, and several active unconventional gas wells seen in Figure 26. Site 1 samples 
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outfall and another closer to the outfall location did not indicate significant differences in water 
quality. The unnamed tributary that passes by the landfill is approximately 0.3 miles  
downstream from Sample 2 and 1.6 miles upstream from Site 3. 
 
 
Figure 26. Map of Sites 1-3 collected from Brush Creek, flowing southeast to northwest. 
 
 
Samples were taken from Sites 1-3  in the morning from October 2020 through April 
2021, excluding January. Figure 27 shows the reported temperatures for day samples were 
collected and the daily recorded precipitation from October 20, 2020, through April 26, 2021, 
shown on Figure 28. Best attempts were made to avoid sampling on days that had higher 
precipitation levels the day prior. If samples were taken after heavier precipitation, this was 
reflected in the water test results. While precipitation levels were over 1 cm for the December 
sampling day, this did not occur prior to or during sampling and therefore did not impact water 










































































































































































4.3.1 Surface Water Quality 
4.3.1.1 YSI  Multimeter Analysis 
Data collected with the YSI Multimeter in the field remained fairly consistent with each 
sample site for temperature, dissolved oxygen (DO), pH, and total dissolved solids (TDS) each 
month (Figure 29). Recorded data was compared with the 025 Pa. Code § 93.7 water quality 
criteria for warm water fishes (Appendix F). Water temperatures corresponded with the recorded 
daily temperatures from Figure 27 and remained below the maximum limits per month. 
Dissolved oxygen levels met the minimum criteria and pH levels were within range except for 
Site 3 in February, recorded at 9.2 (Figures 29b and 29c).  
Specific conductivity is used to calculate total dissolved solids (TDS), one of the EPA’s 
secondary drinking water analytes. While there’s no TDS criteria limits for warm water fishes, 
values were analyzed for this study as an indicator for impacted water quality and to compare 
with anion and cation analyses. Site 1 consistently displayed the lowest TDS values with the 
highest value recording in February at 875 mg/L. TDS levels for Site 2 and 3 were higher with 
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4.3.1.2 Ion Chromatography Analysis 
Ion chromatography analysis was completed for fluoride, chloride, nitrate, bromide nitrite, 
phosphate, and sulfate (Appendix Q). Anions of interest included fluoride, chloride, bromide, 
nitrate, and sulfate.  
Chloride values corresponded with the trend in TDS values, with a range of 84-470 mg/L 
(Figure 30a). These higher levels, especially during the winter months, may be attributed to 
runoff from road salt, especially since all sample locations are near roadways. Site 1 had 
consistent levels of nitrate and sulfate but Site 2 and 3 displayed the same pattern with lowest 
levels in November and February, higher spikes in October and December, and a mild increase 
in April (Figures 29c and 29d). Reasons for these increases are unclear but might relate to 
discharges from the water treatment facility and the landfill. 
Bromide was detected during October, December, and April but was not consistent. Levels 
were highest in December with a mean of 0.15 mg/L but were typically below 0.05 mg/L during 
the other months when detected. Levels for all anions were lowest in November due to 
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4.3.1.3 ICP-MS Analysis 
Cation analysis was carried out for 32 metals with all recorded values in Appendix R. For 
this study, aluminum, manganese, iron, sodium, calcium, strontium, and lead were analytes of 
interest and graphed (Figures 31 and 32). 
 Sodium and chloride levels displayed similar trends over time, with the same spike 
occurring in February. There was another observed spike in sodium during April at all three 
locations with an average increase by 36mg/L levels in March. Similar peaks in April were 
observed for all locations calcium, barium, and strontium as well. Similar patterns were observed 
with Samples 2 and 3 but were highest more frequently for Sample 2. However, barium levels 
were consistently highest at Site 1 for all six months with highest levels observed in February 
and March.  
Site 1 tended to have the lowest values among the three locations for iron, aluminum, and 
lead. Manganese levels were highest at this location in October with a steady increase over time. 
By April, levels were at 0.16 mg/L and higher than the other sites by at least 0.06 mg/L. Levels 
at Site 2 among the four analytes tended to be highest overall with spikes occurring in February 
for aluminum and lead. However, all three sites displayed a spike in iron levels from in April, 
increasing by an average of 0.41 mg/L and were the highest iron levels over the total sampling 
period. 
 While the typical patterns showed Sites 1 and 2 with the lowest and highest levels 
respectively for most of the analytes, there was an unusual peak in lead and aluminum at Site 2. 
In November, precipitation from the previous day is assumed to have diluted analyte levels, 




aluminum were highest for this location in November and exceeded the highest levels from Site 
1 over the six-month period. 
Road salt use in February was expected due to snow with accompanying higher values in 
at least chloride and sodium results. In this same month, peaks were observed for lead, 
aluminum, manganese, barium, nitrate, pH, and TDS as well. Also, the increase displayed in 
sodium, calcium, barium, and strontium in April cannot be attributed to road salt and indicates 
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4.3.1.4 Gas Chromatography Analysis 
 Gas chromatography analysis was carried out for methane, ethane, ethene, and propane 
for each sample location. Recorded data may be found in Appendix S. Methane levels ranged 
from 6–17 µg/L, some samples below detectable levels, and were of no concern. Ethane was 
only detectable in all three samples taken in October 2020 at 11 µg/L, corresponding with the 
highest levels of methane (Figure 33). 
 
Figure 33. Gas Chromatography methane results for Brush Creek. 
 
4.3.2 Geochemical Ratios 
Analyte ratios for SO4/Cl to Mg/Li, Mg/Na to SO4/Cl, and Ca/Mg to Ca/Sr were 
calculated and graphed in OriginLab (Figures 34-36). Bromide was only detected in samples 


























Figure 34. SO4/Cl to Mg/Li analyte ratios for Brush Creek Samples 1-3. 
 
Ratios of SO4/Cl to Mg/Li displayed little to no indication of water quality impacts. A 
small clustering shows a slight trend near potential mine drainage impacts. Samples collected in 
February, MS1722-1724, plotted closest to oil and gas brines for Mg/Na to SO4/Cl ratios in 
Figure 35. These sample points coincide with the high snowfall and the TDS, chloride, and 
sodium levels in earlier figures potentially attributed to road salt runoff.  
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Ca/Mg to Ca/Sr ratios indicate direct impacts from mine drainage in Figure 36. However, 
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Detected bromide levels in October, December, and April are of relatively low concern 
but displayed a mean increased from 0.03 to 0.15 mg/L from October to December and 
decreased to 0.017 mg/L in April. Low bromide to high sulfate and high magnesium to low 
lithium ratios plot Samples 2 and 3 closest to mine drainage impacts and lower levels of lithium 
detected in Sample 1 indicate little to no impacts to water quality. 
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CHAPTER 5: CLEARVILLE RESULTS 
  A total 61 water samples were collected and analyzed. In 2013, 24 samples were 
collected from 21 homes from May to June by Renée Krynock. She returned in October of 2013 
and collected 14 samples from 11 of the 21 original homes sampled that same year From August 
to September of 2020, we collected 21 water samples from 21 homes, including 11 of the 
original homes sampled in 2013. Nine homes were sampled during all three sampling periods, 2 
were sampled once each in 2013 and 2020, and 2 were sampled twice in 2013, but not 2020. 
Samples are grouped together and referred to as Spring 2013, Fall 2013, and Fall 2020 for 
analyses comparisons. Figure 38 shows the locations of the water sample locations in relation to 
the underground natural gas storage wells in the area. Samples collected in 2013 were given an 
identification name CV followed by a number, indicating it was collected in Clearville. Samples 
collected in 2020 were given the standard identification used, MS followed by a number, for 
Marcellus Shale. 
Three violations have been found by the PA DEP during routine inspections at Steckman 
Ridge storage well sites that include: “polluting substance(s) allowed to discharge into Waters of 
the Commonwealth,” “failure to minimize accelerated erosion, implement E&S plan, maintain 
E&S controls,” “failure to stabilize site until total site restoration under OGA Sec 206(c)(d)” and 
“discharge of pollutional material to waters of Commonwealth” from 2005-2009 at three 











5.1 Water Quality 
 Water test results for all Clearville samples can be found in Appendix P through 
Appendix S. Results were compared with the EPA’s Primary and Secondary Drinking Water 
Standards. Any analytes that exceeded the MCLs were noted for letters to the homeowners and 
for analysis. Of the 61 samples, analytes exceeding the MCLs included pH, TDS, nitrate, 
aluminum, manganese, and iron, and arsenic in at least two homes across the three sampling 
periods  (Tables 13-15).  Methane exceeded the PA DEP’s level of concern consistently in one 
home ( Samples CV06, CV32, and MS1547) but was not included in these tables.  
 There has been an average increase in pH (0.14), manganese (0.207 mg/L), and iron (0.75 
mg/L) from spring 2013 and fall 2020. Manganese was the most common analyte exceeding the 
EPA MCLs across all three sampling periods with 36% of the samples in Spring 2013, 40% in 
Fall 2013, and 52% in Fall 2020. Levels decreased over time in TDS (87.99 mg/L), nitrate (2.64 
mg/L) and arsenic (0.006 mg/L) while aluminum levels fluctuated.  
 
Table 13. Analytes of concern in water samples collected Spring 2013 in Clearville.  
Analyte MCL Range Mean 
As 0.01 mg/L 0.001 – 0.08 0.01 mg/L 
NO3 10 mg/L 0.03 – 32 5.0 mg/L 
Al 0.05-0.2 mg/L 0.003 – 0.02 0.01 mg/L 
Fe 0.3 mg/L 0 – 5 0.4 mg/L 
Mn 0.05 mg/L 0 – 2 0.2 mg/L 
pH 6.5-8.5 6.5 – 8.1 7.1 











Table 14. Analytes of concern in water samples collected Fall 2013 in Clearville. 
Analyte MCL Range Mean 
As 0.01 mg/L 0.001 – 0.03 0.009 mg/L 
NO3 10 mg/L 0.05 – 24 4.6 mg/L 
Al 0.05-0.2 mg/L 0.001 – 0.001 0.001 mg/L 
Fe 0.3 mg/L 0 – 4 0.8 mg/L 
Mn 0.05 mg/L 0 – 1 0.2 mg/L 
pH 6.5 -8.5 6.2 – 9.1 7.3 
TDS 500 mg/L 77 – 310 148 mg/L 
 
Table 15. Analytes of concern in water samples collected Fall 2020 in Clearville. 
Analyte MCL Range Mean 
As 0.01 mg/L 0.001 – 0.02 0.005 mg/L 
NO3 10 mg/L 0.2 – 10 2.4 mg/L 
Al 0.05-0.2 mg/L 0.003 – 0.1 0.02 mg/L 
Fe 0.3 mg/L 0 – 6 1.1 mg/L 
Mn 0.05 mg/L <0.001 – 2 0.4 mg/L 
pH 6.5-8.5 6.2 – 8.7 7.6 
TDS 500 mg/L 68 – 239 127 mg/L 
 
5.2 Geochemical Ratios 
 Analyte ratios were plotted for SO4/Cl to Mg/Li, Mg/Na to SO4/Cl, and Ca/Mg to Ca/Sr 
comparing Spring 2013, Fall 2013, and Fall 2020 (Figures 39-41). Homes with analyte ratios 
plotting near unconventional gas brine impacts are indicated on a map in relation to the 
underground storage wells in Figure 42. Of the 61 samples, only one had detectable levels of 
bromide and did not indicate any specific impacts to water quality for Br/SO4 to Mg/Li. There is 
an apparent clustering of samples within and near the mine drainage parameters in the three 
figures. While there doesn’t appear to be much of a difference between spring and fall of 2013, 






Figure 39. SO4/Cl to Mg/Li analyte ratios for Spring 2013, Fall 2013, and Fall 2020 in Clearville. 
 
 Lithium and chloride increased from 2013 to 2020. The mean lithium levels increased 
from 0.009 to 0.014 mg/L and mean chloride from 5.49 to 7.12 mg/L.  Samples CV21, CV32, 
MS1547, MS1574, and MS1575 plotting closer to conventional gas and unconventional gas 
brines had lower magnesium levels. Sample CV21 from spring 2013 had a Mg/Li ratio like those 
of UG brines but had high sulfate levels compared to chloride, plotting it outside of the 
parameters. The location for CV21 was only sampled once and cannot be compared, but there 
were at least two samples for the other homes of interest on this graph. Samples CV32 and 
MS1547 were taken from the same home in fall 2013 and fall 2020, respectively, and the sample 
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taken in spring 2013, CV06, is visible on the plot. From fall to spring of 2013, results shifted 
closer towards unconventional gas brines but shifted closer towards mine drainage in 2020. Both 
MS1574 and MS1575 homes originally plotted in or near mine drainage brines in 2013 but 
significantly shifted towards UG brines.  
 
 
Figure 40. Mg/Na to SO4/Cl analyte ratios Spring 2013, Fall 2013, and Fall 2020 in Clearville. 
 
 Similar to Figure 39, ratios Mg/N to SO4/Cl in Figure 40 shows a distinct shift of samples 
from 2013 to 2020. In 2013, almost all samples show potential mine drainage sources with no 
seasonal changes. Sample CV32 came closest to potential oil and gas brine activities with a high 
chloride to low sulfate ratio and high sodium to low magnesium, which could be a halite source 
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such as road salt. Samples from 2020 shifted due to increases in both magnesium and sodium but 
the average sodium level more than doubled from 14.6 mg/L in 2013 to 32.4 mg/L in 2020. 
Sulfate to chloride ratios remained relatively the same, showing little movement except for 
samples MS1547, MS1574, and MS1575 which were also of concern with the SO4/Cl to Mg/Li 
ratios. These samples had SO4/Cl ratios similar to oil and gas brines but not similar Mg/Na 
ratios. Sample CV21 plotted outside of any trends due to higher sulfate and very low magnesium 
levels. Shifts over time for the three sampling periods can be seen again for CV06, CV32, and 
MS1547. This home was the only one to plot closest to oil and gas brines in 2020. While there 
was a shift away from UG from fall 2013 to fall 2020, there may still be potential impacts from 
oil and gas activities. 
  Potential impacts to water quality from mine drainage sources were also seen with 
Ca/Mg to Ca/Sr ratios, but with a small clustering of samples indicating brine impacts from oil 
and gas activities in both 2013 and 2020 in Figure 41. One sample from spring 2013 and two 
from 2020 plotted within the parameters for conventional gas brines and reoccurring from the 
two previous figures: CV06, MS1547, and MS1574. CV06 and MS1547 are from the same 
home, with third sample CV32 on the parameter edge of mine drainage into conventional oil and 
gas brines. The home for MS1574 originally plotted with the center of mine drainage impacts in 
2013. Samples CV09, CV10 and MS1610, while not within any of the parameters, still indication 
of brine-like water quality but did not have more than one sampling period to compare quality. 
Sample MS1569 plotted outside of clustering and any impact parameters due to high levels of 






Figure 41. Ca/Mg to Ca/Sr analyte ratios Spring 2013, Fall 2013, and Fall 2020 in Clearville. 
  
Based on the analyte ratios of interest, homes with water of concern were mapped in 
relation to the underground storage wells in the township in Figure 42. These seven homes are 
located in the northern part of the Steckman Ridge storage field near wells SR10, CLARK 1663, 
SR6, and the main Steckman Ridge facility. While these homes had few analytes exceeding EPA 
MCLs, the most common issues were with arsenic and manganese levels.  
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Figure 42. Water samples collected in Clearville in 2013 and 2020 with wells of interest from ratio: ratio 




5.3 Resident Surveys 
 Quality and quantity issues with water quality were reported for all homes sampled in 
spring 2013 and fall 2020 (Figure 43). Six sample locations overlapped both years. Ten homes 
noted changes in water quality and four with changes in quantity. Number of quantity issues did 
not change in 2020 but only eight noted changes in quality. Of the overlapping homes surveyed 
both years, one home noticed quality changes from 2013 to 2020. Two homes, however, changed 
their answers from yes to no, possibly due to changes in ownership of the home. If there were 
quality issues reported, they designated under color, taste, odor, or other (generally textures 




Figure 43. Survey responses from Clearville residents 2013 and 2020  (a) if there were changes in water 
quality and (b) types of water quality issues if  answered “yes. 



















CHAPTER 6: DISCUSSION 
6.1 Unconventional Operations in New Sewickley 
6.1.1 File Review 
 Well information from the PA DEP’s Oil and Gas provided basic details that were helpful 
in the preliminary stages of research, including well pad names, well names, and permit 
numbers. Any additional detailed information was obtained from a file request through a contact 
at the PA DCNR for completion reports and well plats. The basic information was provided in 
the requests and files were provided in full within a timely manner. 
 A difference in methods was found when reporting the lateral length drilled. Depending 
on the surveyor, length was either reported as the true lateral length from LP to BHL or it was 
reported as the length of the entire well from top hole to bottom hole. To obtain the true lateral 
length in case of the latter reporting method, the measured depth at the bottom hole was 
subtracted from the landing point measured depth and compared with the provided scale. 
 
6.1.2 Waste and Production Reports 
 
 Waste data obtained from the PA DEP Oil & Gas Reporting website had a change in data 
reporting practices before compared to that reported after 2017. From 2013 to 2016, all waste 
was reported in six-month period with limited information for disposal methods of fluids. For 
instance, produced and drilling fluids were reported as “reuse other than road spreading” for 
disposal methods and as “reuse without processing at a permitted facility (conventional reports 
only” under waste facility name. From 2017 forward, detailed information was provided 




specific well pad name, ID, coordinates, and address. Methods referencing avoidance of road 
spreading we no longer used. 
 There were also issues with how types of waste were reported. Produced fluids were 
frequently reported in both tons and barrels under the same residual waste codes (RWC). The 
RWC sheet defines produced fluids as including “flow-back, brine and any other formation 
fluids recovered from the wellbore; flow-back is defined as fracturing/stimulation fluids, 
including fracturing sand, recovered from the wellbore after injection into the wellbore.” Based 
on this definition and produced fluid tons disposed at residual waste processing facilities, this 
was interpreted as fracturing sand for analysis purposes. There was also ambiguity with soil 
contamination reported in 2017- 2019. In 2017, for example, well pad PER B37 has three wells 
that were reported to have 6.8 tons of contaminated soil for each well. The issue is if the total for 
the entire well pad was 6.8 tons or if there were 6.8 tons per well, as reported, making the true 
total 20.4 tons. For analysis purposes without making assumptions, totals were calculated strictly 
based on the values reported and accessed through the PA DEP Oil and Gas Reports. These 
inconsistencies highlight the issues in reporting by oil and gas companies in addition to 
organization issues over the years within the department.  
 Groundwater and surface water contamination is a concern with active oil and gas 
activities. Waste reports for the wells in New Sewickley Twp. show the transfer of produced 
fluids for reuse at other wells also owned by PennEnergy, some within the township and others 
as far as 40 miles away, and to injection wells in Ohio. Soil contamination was reported as solid 
waste in 2017-2019 at a different well pad each year in New Sewickley Twp. that was sent to 
residual waste processing facilities. Continued production and reuse of these fluids increases the 




published in 2017 found that from 2005-2014, there were 1,293 reported spills over 5 gallons in 
a 24-hour period in Pennsylvania (Patterson et al., 2017). Pathways for these spills were 43% 
from storage, combined from tanks and pits, and 3% from transportation.  
   
 Additionally, the PA DEP’s Oil and Gas Reporting site indicated that there are 8 wells 
with an active status on 8 different well pads that have not been drilled. With active permits, 
PennEnergy can drill these wells at any time. At least one of the well plat files for these wells 
included copies of well permit renewal affidavits and the approved well permit renewal.  Figure 
44 displays the proposed drilling plans for each well with the estimated coordinates. Estimated 
depth and lateral length may be found in Appendix M. This does not include an additional 11 
wells that were reported as proposed but never materialized. The current production levels 
reaching highest over 29,00,000 Mcf in 2019 and decreasing in production by 2020 mean that 
the 8 undrilled wells could be pursued at any time with active permits. With the unconventional 
well density at approximately  0.64 wells/km2, this area is moderately developed  in relation to 
areas in Washington County and therefore has the potential for future exploration and continued 









6.1.3 Well Water Quality 
 
 Analyses suggest that many homeowner water wells are not impacted or are impacted by 
mine drainage in the area. There are, however, several homes in small clusters indicating 
potential impacts from oil and gas activities in the township. Of the eight homes of interest based 
on the mass ratios, four were within 0.5 miles of a drilled well lateral and the other four within 
one mile. One home is located within what appears to be less than 50 ft of a well borehole, but 
water tests results showed the only concern to be methane levels at 6 ppm. Based on survey 
answers, the changes over time have most likely gone unnoticed, either from quality issues 
undetectable or possibly from water filtration systems. 
The home with the highest levels of methane at 54 ppm, MS 1609, also exceeded 
drinking water MCLs for arsenic and chloride and is located between laterals for well pads B37 
and B25. However, the high chloride levels may have created an argon chloride interference to 
produce higher levels of arsenic since they were not retested under the kinetic energy 
discrimination (KED) mode (Wilschefski & Baxter, 2019). All wells for B25 are currently 
regulatory inactive but may still have unrecovered shale gas. Water well depth at this location 
was reported as 350 feet, at least 90 feet deeper than the water wells of the homes tested nearby. 
Another home of interest reported water well depth at about 370 ft with water test results 
exceeding primary drinking water standards for antimony and lead and over 10 ppm of methane. 
Although the third home with high levels of methane (17 ppm) was not aware of the well depth, 
there is a pattern of deeper wells having higher levels of methane. 
 The presence of methane found in water can be attributed to microbial or thermogenic 
origins, distinguished by ratios of methane to ethane, important for natural gas exploration and 




created by both processes, but thermogenic gases contain methane with larger proportions of 
higher chain hydrocarbons such as ethane, propane, butane, and pentane, while carbon dioxide  
and methane are the dominant components for microbial gases. Biogenic gases are created by 
methanogens extracting hydrogen from water and organic compounds when a suitable electron 
acceptor, such as sulfate, is present. This process, referred to as methanogenesis, produces and 
consumes carbon dioxide but is inhibited at high salinity and sulfate concentrations (Osborn & 
McIntosh, 2010). 
Studies have shown that shale gases targeted by unconventional drilling are mainly 
thermogenic with minimal levels of microbial gases. By identifying the source of gases present, 
groundwater samples with high ratios of methane to ethane are presumably thermogenic and are 
therefore potentially impacted by the targeted shales (Osborn & McIntosh, 2010).  Using 
detected levels of methane and ethane, ratios were calculated for water samples in New 
Sewickley. Ratios under 100 indicate thermogenesis and ratios greater than 1000 indicate 
methanogenesis (Jackson et al., 2013). Of the 33 water samples collected, methane and ethane 
were detected in 19 samples (Table 16). 
Table 16. Methane to ethane ratios in samples from New Sewickley homes. Homes with *denote homes 
of interest from mass ratios. 
Sample Methane (µg/L) Ethane 
(µg/L) 
Ratio 
MS218 102 0.03 3,400 
MS447* 962 0.16 6,010 
MS1606* 10,600 209 51 
MS1608* 6,630 16 414 
MS1609* 54,700 484 113 
MS1639 139 10 14 
MS1640 31 10 3 
MS1641 10 10 1 




MS1643 10 10 1 
MS1644 12 10 1 
MS1645 12 10 1 
MS1646 4,610 12 384 
MS1647 12 11 1 
MS1653 13 11 1 
MS1685* 522 0.4 1,310 
MS1686 6 0.2 30 
MS1687 6 0.2 30 
MS1688* 6 0.2 30 
 
Wells in New Sewickley with detectable methane are largely due to thermogenesis. 
Ratios for 68% of these homes were under 100, 21% over 1,000, and 16% of homes falling 
between the two parameters. Sample MS1609 is of particularly of high interest after analyte 
ratios for all four plots indicated potential sources from oil and gas activities with methane levels 
over 54,000 µg/L. The methane to ethane ratio for this well is 113, slightly above the ratio limit 
for thermogenesis, but most likely indicating that thermogenesis is the cause of methane 
presence in the water. 
The cluster of homes in the northeast are between wells from pads B1 and B3 but not all 
homes had the same results, which could vary based on elevation and water well depth. Two of 
the other homes had ratios showing potential mine drainage sources while another fell slightly 
within the conventional oil brine parameters. This same cluster of homes are also near the 
compressor station, which emits pollutants that can be harmful to human health. A table of 
pollutants the emissions in tons from 2015 to 2019 are found in Appendix N. This station has 
emitted a total of 141,018 tons from 16 pollutants over 5 years, the highest levels at over 60,000 




greenhouse gas and deteriorating air quality that impacts human health, particularly with 
breathing issues (NIEHS, 2019).  
Sample MS1609 appears to have the most indicators for brine intrusion, based on several 
indicators and mass ratio analysis. There were not only several EPA primary (i.e., arsenic) and 
secondary analytes exceeding the MCLs (i.e., TDS, chloride), presence of bromide, extremely 
high methane levels (54.7 ppm), as well as the presence of ethane and propane. It’s the only 
home within the small cluster of samples taken between laterals for well pads PER B37 and PER 
B25, but it was the only home with a water well reported to be drilled below 300 ft and may be 
significant; the other three homes reported well depths of 200 ft, 260 ft, and 220 ft. The 
homeowner also reported this to be at least the second water well drilled on the property due to 
previous issues experienced with water quality and quantity.   
Another factor to consider is the history of oil and gas activities in the area. If there had 
been a high instance of conventional wells drilled within the township, water quality issues could 
also be attributed to these past activities. However, there were 10 conventional wells drilled, 
most in the southern half of the township (Figure 45). Of these wells, 4 are oil, 3 undetermined, 2 
combined oil and gas, and one gas (PA DEP, 2021c). The few conventional wells and their 
locations in relation to private water wells of interest indicate water quality issues are most likely 





Figure 45. Map of New Sewickley conventional well and unconventional well pads. 
 
6.1.4 Surface Water Quality 
 
 Overall water quality of Brush Creek appears to be minimally impacted by oil and gas 
activities in the area studied. Figure 46 shows stream segments of the watersheds determined by 




collected. Site 1 samples were collected in segment 1, Site 2 in segment 4, and Site 3 in segment 
8.   
 
 
Figure 46. Map of Brush Creek stream segments (US EPA, 2021). 
 
Bromide was detected in all three sites in October, December, and April. Ratios for 
Br/SO4 to Mg/Li indicate sources are from mine drainage/oil and gas brines. In December, the 
average detected level was the highest for all three samples at 0.015 mg/L. During this time, 
there was a shift from mine drainage ellipses to conventional oil brine ellipses with an increase in 
bromide levels and slight decrease in sulfate. In April, bromide levels decreased to levels similar 




Average chloride levels increased from 191 mg/L in October to 308 mg/L in April, which 
are high levels to find in surface waters. Chloride levels were highest in February, which 
correlates with road salt use in winter months. Detection of bromide and high chloride levels can 
be an indication of brines from oil and gas. The length of creek studied is closely surrounded by 
four well pads and three wells drilled underneath the creek near the locations of Sites 2 and 3. 
The potential risk of brines entering the surface waters is higher due to the proximity of multiple 
well pads with storage impoundments on site and the transportation of produced fluids. With the 
requirement for spills over 5 gallons in a 24-hour period to be reported, there may have been 
smaller spills on-site with runoff carrying contamination to the creek. For instance, well pad B22 
reported soil contamination waste from oil and gas related spills in 2018. The contaminated soil 
was removed and transferred to a residual waste processing facility but the time frame between 
the spill and the removal is not indicated in the report.  
Tables 17 and 18 show the summary of the watershed and catchment areas for the eight 
segments comprising the length of Brush Creek sampled for this study. Impervious surfaces, 
road density, mine site density, agricultural nitrogen, and pesticides were considered in relation 
to the water test results. While levels of nitrate were relatively high, this could be caused by the 
water treatment facility discharge and nitrogen from agricultural activities. Agricultural activities 
in the township include nitrogen fixation from cultivated crops, synthetic nitrogen fertilizer 
application, and  manure used from confined animal feeding operations (US EPA, 2021). The 
average rates for these activities are 18.311 kg/ha/yr within the catchment area and 5.22 kg/ha/yr 
within the watershed. The road density and impervious surfaces are also factors in relation to 




























1 65.37 17.92 5.29 0.02 2.79 11.34 
2 70.28 17.17 5.12 0.01 3.15 12.40 
3 73.45 16.55 5.00 0.01 3.91 12.88 
4 78.39 15.62 4.81 0.01 4.97 13.56 
5 82.57 15.04 4.69 0.01 5.81 14.21 
6 86.3 14.47 4.6 0.01 6.60 14.72 
7 91.89 13.73 4.48 0.01 7.16 14.98 
8 94.53 13.4 4.42 0.01 7.38 15.20 
 




















1 1.05 15.35 4.17 0.95 14.11  55.39 
2 0.1 16.32 4.53 0 13.14 80.82 
3 0.69 7.33 3.71 0 15.04 43.69 
4 0.68 3.81 2.88 0 12.91 26.32 
5 0.17 7.10 3.32 0 26.07 37.79 
6 2.26 2.41 3.39 0 25.24 27.91 
7 0.28 6.83 4.7 0 24.42 9.29 





6.2 Underground Natural Gas Storage Operations in Clearville 
 Although groundwater contamination from underground gas storage may not typically be 
comparable to groundwater impacts by oil and gas brines, there is evidence in Clearville that 
water quality has changed over time. Water sample collection over time shows trends in data and 
how the water quality for these residents has been shifting. There were no apparent seasonal 
differences between the 2013 samples, with most analyte ratios indicating mine drainage 
impacts. However, there were potential oil and gas impacts in the 2020 samples.   
Water wells with analyte ratios of concern are located in northern Monroe Twp. near 
wells SR 10, CLARK 1663, and SR6 in addition to the Steckman Ridge LP facility. 
Sodium levels increased by over 50% from 2013 to 2020, which may be caused by fertilizer use 
since the area is largely agricultural. Arsenic levels decreased but three of the original homes 
tested in Spring 2013 with high arsenic levels were not retested with one of these wells shut 
down completely and no longer used by the homeowner due to the arsenic levels.  
There did not appear to be an issue with methane levels except for one well that 
consistently tested for high levels. Each time the water was sampled over the three testing 
periods, methane was over 10,000 µg/L and both ethane and propane were detected. Methane to 
ethane ratios for this home, sampled in all three periods, strongly indicate thermogenesis (Table 
19).  These results potential suggest stored natural gas may be dissolving in the water. 
Table 19. Methane to ethane ratios in samples from a home of concern in Clearville. 
Sample Sample Date Methane (µg/L) Ethane (µg/L) Ratio 
CV06 5/11/2013 20,800 264 79 
CV32 10/27/2013 10,200 88 116 





Based on the survey results, 48-62% of households reported quality issues noticeably 
different after gas storage began, including color, odor, taste, and slimy or thick textures. One 
household has even reported changes in the landscape, making notes regularly of the declining 
slope  and elevation on parts of the property. 
 The Steckman Ridge facility, designated as an air emissions plant, has reported emissions 
of over 72,000 tons from 23 pollutants into the air since 2009 (Appendix O). Similar to the 
compressor station in New Sewickley, carbon dioxide has the highest levels emitted of almost 
71,000 tons over 11 years. Residents are  at risk from gas leaks, explosions or fires occurring by 
living near these storage wells. Pa Code 78.402 requires above-ground equipment inspections for 
each storage well once a year and Pa Code 78.403 requires gas well integrity testing at least once 
every 5 years but do not provide details or requirements for the underground connecting pipeline 
system. Even with inspections, storage of large natural gas quantities increases the potential for 
incidents. These air pollutants can also be compared to the reported health issues from residents 
in Table 3, with 80% of individuals reporting sinus and respiratory issues. The combination of 
water and air pollution could be a potential cause of the health issues residents have been 
experiencing long-term in the area.  
 
  
Figure 47. Pictures taken and provided by homeowner of cloudy, bubbly pond water on property, October 





The list of analytes tested in this study is extensive but doesn’t include all possible 
contaminants that may be causing health issues for the residents. There may be organic 
compounds, such as toluene and benzene, causing issues and may not be noticeable in water. 
Both are colorless and can be present in liquid and vapor forms that are flammable. According to 
the MSDS safety data sheets for both chemicals, they are both extremely hazardous to human 
health from inhalation and ingestion by targeting the central nervous system, respiratory system, 
eyes, skin, and cause reproductive issues. Benzene can also affect blood, bone marrow, and the 
immune system and toluene can additionally impact the kidneys and liver (Benzene, 1999; 
Toluene, 1999). Several residents in the area have mentioned issues of livestock deaths, 
miscarriages, and fetal abnormalities over the years that have not been explained. Surface waters 














CHAPTER 7: SUMMARY AND FUTURE DIRECTIONS 
7.1 Production, Waste, and Reporting 
From 2013 to 2020, the 54 wells drilled have produced 104,829,658 Mcf of natural gas, 
2,598,256 barrels of liquid waste, and 44,558 tons of solid waste in New Sewickley Twp. Eight 
wells are regulatory inactive indefinitely and six wells have no reported natural gas production 
since late 2019 after being drilled January of the same year. Although there is only one year of 
production data in decline, this trend may continue in the following years unless more wells are 
drilled in the township. PennEnergy has plans for at least eight additional wells that are in active 
status with the DEP, indicating active permits, and can be drilled at any time.  
There were some reporting and data management changes noted over the years, 
particularly with waste data, for the wells. Prior to 2017, waste was reported in six-month 
periods with limited information provided when waste fluids were being reused. From 2017 and 
on, detailed information of specific volumes of liquid waste being sent to other well pad IDs for 
reuse was provided. There were also inconsistences with contaminated soil totals reported in 
2017-2019. While reporting has seemed to improve detail-wise, this observation is strictly based 
on the analysis of a relatively small percentage of wells and only from one company.  
 
7.2. New Sewickley Well Water Quality 
Many residents in New Sewickley have relied on well water for years. To some, there 
have been more recent issues of wells running dry and a growing interest for the township to 
create more city water connections for these homes has be discussed. There were also a few 




Only five homes were tested in the early stages of unconventional drilling in the area from 2013-
2015. With the current 54 wells drilled, testing groundwater quality became of interest.  
It’s typical, especially in western Pennsylvania that has an extensive history with coal 
mining, to see levels of iron and manganese in groundwater and to potentially exceed the EPA 
secondary drinking water limits. With this local knowledge, many homes have equipped their 
wells with filtration systems to mitigate these levels before using the water in-home. Several 
water tests also showed higher levels of lead, arsenic, barium, and antimony. While these 
included only a small percentage of homes, this creates the question of water quality throughout 
the township and what those results would show in comparison to this study’s sample size.  
A flyer was made available to the residents to contact the lab if interested in having their 
water tested, which was moderately successful. In the past, this flyer has been posted and 
distributed at in-person town meetings and gatherings that reached a wider group of people and 
resulted in a more requests for testing. Limitations with face-to-face interactions were caused by 
the COVID 19 pandemic over the last year. If further research in the area were to be pursued, in-
person gatherings to discuss the study and potential issues residents may face is encouraged, 
especially to reach residents limited by social media. Additional research focused on air quality 
in relation to the compressor station would also be of interest to supplement this study and any 
future research regarding water quality in the township. The home of particular concern, 
MS1609, is worth noting and would be of interest to sample and survey other nearby homes and 





7.3 Brush Creek Surface Water Quality 
Even though the creek is not designated as having high quality or exceptional value 
waters, it’s still important to monitor surface water quality, especially in areas with oil and gas 
activity and NPDES permitted facilities discharging into the water. There were no reports of the 
landfill or waste water plant accepting drilling wastes but it’s important to monitor for potential 
issues. In the future, increasing the number of samples, sampling frequently, and investigating 
the macroinvertebrates over a broader range of Brush Creek from where it begins to where it 
meets the Connoquenessing Creek would provide a more detailed report of the overall creek 
quality. 
 
7.4 Clearville Water Quality 
 The high demand of natural gas requires an increase not only in exploration and 
extraction, but also the transportation and storage when seasonal demands decrease. Use of 
depleted reservoirs for storing gas is the most common type of storage facility with 48 fields at a 
total storage capacity over 427 Bcf in Pennsylvania alone. The Steckman Ridge LP facility in 
Clearville, Pennsylvania has a working gas capacity of 12 Bcf. With long-term underground 
storage, there is concern for groundwater impacts that may not display the same issues seen with 
standard oil and gas activities. Analyte ratios showed changes over time in water quality, but not 
many analytes exceeded the EPA drinking water limits except iron and manganese.  
  For years, residents have had health issues as well as problems with their livestock that 
did not arise until after gas storage began. They have also had concerns of being overlooked and 
unheard about these problems. Some of the reported problems include skin irritations, a change 




Even though analytical results did not find anything conclusive, there is still an on-going issue 
with the water in Clearville that needs to be addressed and requires a larger scope of 
investigation. For example, it may be useful to test for chemicals that align with the health 
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APPENDIX A: GIS Sources by Layer 
























USGS National Hydrology Dataset, Esri, 
https://services.arcgis.com/P3ePLMYs2RVChkJx/arcgis/rest/services
/USA_Detailed_Streams/FeatureServer 
Basemap Esri World Topographic Map  
Well Pads Well plats obtained from the PA DCNR and digitized 
















APPENDIX B: List of Toxic Chemicals used in Hydraulic Fracturing 
(Waxman & Markey, 2011) 
Chemical Component Chemical Category # of Products 
Methanol (Methyl alcohol) HAP 342 
Ethylene glycol (1,2-ethanediol) HAP 119 
Diesel Carcinogen, SDWA, HAP 51 
Naphthalene Carcinogen, HAP 44 
Xylene SDWA, HAP 44 
Hydrogen chloride (Hydrochloric acid) HAP 42 
Toluene SDWA, HAP 29 
Ethylbenzene SDWA, HAP 28 
Diethanolamine (2,2-iminodiethanol) HAP 14 
Formaldehyde Carcinogen, HAP 12 
Sulfuric acid Carcinogen 9 
Thiourea Carcinogen 9 
Benzyl chloride Carcinogen, HAP 8 
Cumene HAP 6 
Nitrilotriacetic acid Carcinogen 6 
Dimethyl formamide HAP 5 
Phenol HAP 5 
Benzene Carcinogen, SWDA HAP 3 
Di (2-ethylhexyl) phthalate Carcinogen, SWDA HAP 3 
Acrylamide Carcinogen, SWDA HAP 2 
Hydrogen fluoride (Hydrofluoric acid) HAP 2 
Phthalic anhydride HAP 2 
Acetaldehyde Carcinogen, HAP 1 
Acetophenone HAP 1 
Copper SDWA 1 
Ethylene oxide Carcinogen, HAP 1 
Lead Carcinogen, SDWA, HAP 1 
Propylene oxide Carcinogen, HAP 1 
p-Xylene HAP  














































 7-day average: 5.5 mg/L 
 Minimum: 5.0 mg/L 
 
pH: 




PERIOD WWF MAXIMUM TEMP (°F) 
JANUARY 1-31 40 
FEBRUARY 1-29 40 
MARCH 1-31 46 
APRIL 1-15 52 
APRIL 16-31 58 
MAY 1-15 64 
MAY 16-31 72 
JUNE 1-15 80 
JUNE 16-30 84 
JULY 1-31 87 
AUGUST 1-15 87 
AUGUST 16-31 87 
SEPTEMBER 1-15 84 
SEPTEMBER 16-30 78 
OCTOBER 1-15 72 
OCTOBER 16-31 66 
NOVEMBER 1-15 58 
NOVEMBER 16-30 50 



























































STATUS TVD (FT) HORIZONTAL 
LENGTH (FT) 
B1 2H 9/10/2013 Active 5474 4833  
1H 9/10/2013 Active 5278 5558.09  
3H-UD 9/11/2013 Active 5087 5610 
B2 1H 6/11/2014 Active 5379 8524.9  
2H 6/11/2014 Active 5304 6273.5  
3H 6/12/2014 Active 5329 5917.9  
4H 6/12/2014 Active 5468 5968 
B3 1H 4/9/2014 Active 5452 4733.7  
2H 4/10/2014 Active 5319 5446.4  
3H 4/10/2014 Active 5433 5313.6  
4H 4/11/2014 Active 5320 5613.9 
B7 1H 1/25/2019 Active 5490 6474.52  
2H 1/26/2019 Active 5515 8420.67  
3H 1/25/2019 Active 5521 8320.94  
4H 1/27/2019 Active 5521 8204.64  
5H 1/26/2019 Active 5529 8354.41  
6H 1/27/2019 Active 5531 8498.32 
B11 2H 6/29/2016 Active 5241 7418.61  
3H 6/29/2016 Active 5248 5812.57  
4H 6/29/2016 Active 5404 8054.59 
B22 1H 1/3/2018 Active 5563 9999.04  
4H 1/4/2018 Active 5549 9099  
2H 1/4/2018 Active 5560 9899.4  
3H 1/4/2018 Active 5548 9249.49  
5H 1/4/2018 Active 5558 9399.13  
10H 1/5/2018 Active 5561 9398.32 
B24 2H 11/9/2017 Active 5456 5385.29  
3H 11/9/2017 Active 5594 6535.09  
4H 11/9/2017 Active 5452 5764.77  
5H 11/10/2017 Active 5597 6739.07  
6H 11/10/2017 Active 5455 5499.22  
7H 11/10/2017 Active 5476 5026.28 
B25 1H 1/22/2019 Regulatory Inactive 5145 9715.35  
2H 1/24/2019 Regulatory Inactive 5385 9999.29  
3H 1/22/2019 Regulatory Inactive 5155 9626.92  
4H 1/24/2019 Regulatory Inactive 5385 9999.38  
5H 1/23/2019 Regulatory Inactive 5165 8494.88  
6H 1/25/2019 Regulatory Inactive 5385 9768.14  
7H 1/23/2019 Regulatory Inactive 5165 9700.5 




B37 3H 12/1/2016 Active 5616 7870.00 
 2H 12/1/2016 Active 5751 6362.19 
 4H 9/6/2016 Active 5390 6459.47 
B39 1H 2/22/2017 Active 5263 7265.5  
2H 2/22/2017 Active 5210 6983.6  
3H 2/23/2017 Active 5263 7204.64  
4H 2/23/2017 Active 5449 7300.67 
BEAVER 
PAD 5 
1H 1/6/2015 Active 4974 5116 
 
2H 6/6/2015 Active 5003 3650  
3H 1/7/2015 Active 5090 4897  
4H 1/7/2015 Active 5100 5249 
BEAVER 
PAD 8/B8 
4H 6/27/2016 Active 5401 7211.45 
 
3H UD 6/27/2016 Active 5187 7041  





















APPENDIX J: New Sewickley Sample Identification Numbers and Well Depth 









































APPENDIX K: Steckman Ridge Underground Natural Gas Storage Well Names and Depth 
Storage Well Drilled Depth (ft) 
STUP 1557 6025 
CLARK 1664 6140 
CLARK 1663 5962 
CLARK 1665 6096 
QUARLES 1709 10526 
SR 6 7238 
SR 10 6047 
SR 11 6811 
SR 14 6436 
SR 21 7931 
SR 22 7207 
SR 15 7335 




















APPENDIX L: Clearville Sample Identification Numbers and Water Source Depth 
Sampling Period Sample ID Well/Spring Depth (ft) 
Spring 2013 CV01 90 
 CV02 175 
 CV03 2 
 CV04 375 
 CV05 200 
 CV06 300 
 CV07 205 
 CV08 350 
 CV09 N/A 
 CV10 242 
 CV11 5 
 CV12 N/A 
 CV13-1 5 
 CV13-2 125 
 CV14 116 
 CV15 120 
 CV16 67 
 CV17 80 
 CV19 160 
 CV20 120 
 CV21 N/A 
 CV22 225 
 CV23 2 
 CV24 N/A 
Fall 2013 CV29 160 
 CV30 205 
 CV31 350 
 CV32 300 
 CV33 175 
 CV34 350 
 CV35 N/A 
 CV36 120 
 CV37 80 
 CV38-1 5 
 CV38-2 125 
 CV39-1 N/A 
 CV39-2 116 




Fall 2020 MS1547 360-365 
 MS1548 150 
 MS1549 N/A 
 MS1550 276 
 MS1551 190  
 MS1553 589 
 MS1554 116 
 MS1568 62 
 MS1569 100 
 MS1570 N/A 
 MS1571 300 
 MS1572 200 
 MS1573 150 
 MS1574 100 
 MS1575 72 
 MS1610 235 
 MS1611 N/A 
 MS1612 N/A 
 MS1613 184 
 MS1614 N/A 


















APPENDIX M: List of Undrilled Wells in New Sewickley with Active Permits 
Well Pad Well Name TVD (ft) Horizontal Length (ft) 
B1 1H 5406 4352 
B2 5H 5384 5600 
BEAVER PAD 5 5H UD 4843 3093 
BEAVER PAD 8 1H UD 5497 5165.24 
B11 1H 5267 4334.93 
B22 8H 5560 9899.4 
B37 1H 5617 7745.32 



























APPENDIX N:  ETC Northeast FLD SVC LLC/PIKE Compressor Station Air Emissions (in Tons) (PA DEP, 2021a). 
Pollutant 2015 2016 2017 2018 2019 Total 
2,2,4-Trimethylpentane 0.008 0.0284 0.0495 0.079 0.048 0.2129 
Benzene 0.0342 0.1466 0.1113 0.191 0.144 0.6271 
Carbon Dioxide 4464.8107 13597.6367 22888.5438 35679.02 63311.7 1339941.703 
CO 0.5868 1.1851 3.5311 6.21 11.599 23.112 
Ethyl Benzene 0.0083 0.073 0.0086 0.024 0.027 0.1409 
Formaldehyde 0.0333 0.1147 0.2085 1.067 2.623 4.0465 
Methane 13.408 20.6901 31.6374 76.199 601.437 743.3715 
Methanol N/A N/A N/A 0 0.665 0.665 
Nitrous Oxide 0.0081 0.0257 0.0431 0.037 0.009 0.1529 
BNOX 3.2499 12.2489 20.0111 27.567 46.397 109.4739 
PM10 0.3735 1.2392 2.1586 0.089 0.087 3.9473 
PM2.5 0.3735 1.2392 2.1586 0.089 0.087 3.9473 
SOX 0.0231 0.075 0.1307 0.207 0.268 0.7038 
Toluene 0.0715 2.6207 0.147 0.261 0.258 3.3582 
VOC 8.4957 27.3466 36.4645 58.173 51.207 181.6868 
Xylenes (Isomers and 
Mixture) 
0.0651 0.1124 0.0948 0.275 0.388 0.9353 










APPENDIX O: Steckman Ridge Air Emissions (in Tons) (PA DEP, 2021a). 
 
Pollutant 2009 2010 2011 2012 2013 2014 
2,2,4-Trimethylpentane - - - - - - 
Acetaldehyde 0.0574 0.0272 0.0423 0.0418 0.0457 0.0631 
Acrolein 0.0852 0.0406 0.0629 0.0617 0.068 0.094 
Benzene 0.0788 0.0802 0.0779 0.0858 0.0805 0.0811 
Carbon Dioxide - - - 8983.06 7659.787 8965.132 
CO 1.4341 5.2921 4.0456 7.9507 5.7523 6.4445 
Ethane 7.0286 4.4958 5.4284 8.1471 9.6238 10.5534 
Ethyl Benzene 0.0073 0.0125 0.01 0.0183 0.0127 0.0134 
Formaldehyde 0.5544 0.2639 0.4094 0.3738 0.4108 0.5676 
Hexane 0.1982 0.2289 0.2289 0.2064 0.2084 0.2045 
Methane 141.9546 57.3527 57.3371 97.0509 70.9861 84.9469 
Methanol 2.625 2.8938 2.8016 3.1078 2.9031 2.9271 
Naphthalene 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 
Nitrous Oxide - - - 0.0093 0.01 0.0121 
NOX 4.9627 4.198 4.8313 5.8566 6.551 7.0762 
Particulate Matter, 
Condensable 
- - - - - 0.2046 
PM10 0.4887 0.446 0.4973 0.6559 0.5776 0.6944 








Pollutant 2009 2010 2011 2012 2013 2014 
SOX 0.0292 0.0306 0.0323 0.0455 0.0386 0.0452 
Toluene 0.2253 0.2329 0.2279 0.2447 0.2334 0.2348 
Total Suspended 
Particulate 
0.0062 0.0261 0.0183 0.027 0.0271 0.0165 
VOC 25.315 13.4367 14.813 15.9304 14.0068 17.0512 
Xylenes (Isomers and 
Mixture) 
0.101 0.1301 0.1171 0.1604 0.1315 0.1348 
Total 185.6425 89.6362 91.4807 9123.692 7772.034 9097.194 
 
 
Pollutant 2015 2016 2017 2018 2019 Total 
2,2,4-Trimethylpentane - 0.0205 0.0203 0.029 0.0285 0.0983 
Acetaldehyde 0.0527 0.0143 0.0125 0.0713 0.0677 0.496 
Acrolein 0.0784 0.0213 0.0186 0.1059 0.1008 0.7374 
Benzene 0.0844 0.1086 0.1079 0.1304 0.1433 1.0589 
Carbon Dioxide 8878.462 13017.53 7652.115 8124.973 7694.364 70975.4232 
CO 7.5464 15.395 14.6615 15.04 16.3379 99.9001 
Ethane 9.3526 9.4037 9.7491 18.4633 26.5226 118.7684 
Ethyl Benzene 0.0167 0.0306 0.0303 0.0325 0.0396 0.2239 
Formaldehyde 0.4736 0.502 0.6589 0.7238 0.6884 5.6266 
Hexane 0.204 0.2345 0.2384 0.2862 0.2867 2.5251 
Methane 91.4178 67.5004 108.8149 123.3208 264.1523 1164.8345 








Pollutant 2015 2016 2017 2018 2019 Total 
Naphthalene 0.0021 0.0021 0.0021 0.0021 0.0021 0.0231 
Nitrous Oxide 0.0099 0.0111 0.0144 0.0153 0.0145 0.0966 
NOX 6.8968 8.9942 12.6717 15.1063 14.9633 92.1081 
Particulate Matter, 
Condensable 
0.2631 0.4617 0.6049 0.6512 0.6177 2.8032 
PM10 0.6704 0.4824 0.4817 0.4071 0.4633 5.8648 
PM2.5 0.6704 0.4824 0.4817 0.4071 0.4633 5.8648 
SOX 0.0449 0.066 0.0746 0.0713 0.0736 0.5518 
Toluene 0.2417 0.2877 0.2867 0.3069 0.3255 2.8475 
Total Suspended 
Particulate 
0.0118 0.0187 0.024 0.0201 0.0182 0.214 
VOC 11.2089 11.7456 12.686 15.832 17.2286 169.2542 
Xylenes (Isomers and 
Mixture) 
0.1526 0.2283 0.2267 0.2312 0.2636 1.8773 















APPENDIX P. YSI Multimeter Data 
New Sewickley 














MS218 9/6/2013 Groundwater 16.8 9.4 0.9 6.9 736.8 592.9 500.4 385.4 
MS219 9/6/2013 Groundwater 14.5 56.3 5.7 6.8 736.3 473.7 379.0 307.9 
MS220 9/6/2013 Groundwater 18.3 34.1 3.2 7.1 736.6 528.3 460.2 343.4 
MS347 7/30/2014 Groundwater 14.1 46.2 4.7 6.9 729.5 317.4 247.1 206.3 
MS348 7/30/2014 Spring Water 15.4 62.0 6.2 7.3 731.7 1568.0 1284.0 1019.2 
MS349 7/30/2014 Groundwater 17.8 9.0 0.9 7.8 731.8 1267.5 1094.0 823.9 
MS447 2/6/2015 Groundwater 11.4 8.1 0.9 9.0 734.5 712.5 528.0 463.1 
MS648 11/23/2015 Surface water 6.4 93.3 11.5 7.8 738.1 176.1 114.3 114.5 
MS649 11/23/2015 Groundwater 10.8 66.0 7.3 7.1 737.5 413.7 300.7 268.9 
MS650 11/23/2015 Groundwater 15.1 51.5 5.2 7.0 737.2 422.0 343.2 274.3 
MS 1458 9/26/19 Groundwater 16.75 48.55 4.7 7.17 729 633 502 412.43 
MS 1459 9/26/19 Groundwater 17.75 54.15 28.2 7.06 728.8 641 532 426.73 
MS 1460 9/26/2019 Surface water 20.7 81.15 7.21 7.82 729.6 204.05 187.35 132.63 
MS1542 7/28/2020 Groundwater 18.75 25.25 2.35 9.13 729 692.5 610 450.13 
MS1606 9/1/2020 Groundwater 18.3 42.6 4 8.2 730.35 869 757.5 564.85 






















MS1608 9/1/2020 Groundwater 14.6 22.7 2.29 7.9 735.6 695.5 557 452.08 
MS1609 9/1/2020 Groundwater 20.35 12.25 1.09 7.32 729 4686 4275 3045.9 
MS1639 10/1/2020 Groundwater 18.45 21 1.97 8.66 730.75 455.15 398.3 295.85 
MS1640 10/1/2020 Surface water 13.9 76.6 7.91 7.95 731.6 533.9 420.35 347.04 
MS1641 10/1/2020 Groundwater 19.9 30.8 2.77 7.59 729 686 618.5 445.9 
MS1642 10/1/2020 Groundwater 19.2 27.8 2.6 8.71 730.7 700 621.5 455 
MS1643 10/1/2020 Groundwater 15.9 73.05 7.21 8.02 729.5 416.45 344.65 270.69 
MS1644 10/8/2020 Groundwater 17.25 51.9 4.98 8.22 734.2 581.15 495.55 377.75 
MS1645 10/8/2020 Groundwater 16.8 36.6 3.54 7.87 734.4 657.5 554.5 427.38 
MS1646 10/8/2020 Groundwater 24.45 22.15 1.99 8.54 734.3 463.35 459.5 301.18 
MS1647 10/14/2020 Groundwater 15.45 21.9 2.16 8.86 730.15 780 645.5 507 
MS1653 10/27/2020 Groundwater 14.95 60.85 6.13 8.43 736.9 630.5 510 409.83 
MS1684 11/23/2020 Groundwater 11.8 14.45 1.57 7.55 736.75 464.95 347.7 302.22 
MS1685 12/02/2020 Groundwater 15.25 10.9 1.1 8.56 734.1 502.2 409.65 326.43 
MS1686 12/02/2020 Groundwater 12.75 88.1 9.27 7.9 734.35 535.4 410.65 348.01 
MS1687 12/02/2020 Groundwater 11.8 49.2 5.31 7.91 733.9 573.55 429.4 372.81 

























MS1650 1 10/27/2020 11.3 102.85 11.23 8.83 741.75 834.5 616 542.43 
MS1651 2 10/27/2020 13 117.7 12.35 8.67 742.6 978.5 755 636.03 
MS1652 3 10/27/2020 12.45 89.4 9.51 8.53 743 931 707.5 605.15 
MS1683 1 11/23/2020 7.3 98.3 11.83 8.05 740.7 556.6 368.25 361.79 
MS1682 2 11/23/2020 8.4 93.35 10.94 8.25 741.1 522.5 356.75 339.63 
MS1681 3 11/23/2020 9 86.1 9.93 8.44 741.6 501.2 348.55 325.78 
MS1703 1 12/16/2020 1.65 106.4 14.81 7.97 737.8 965.5 535.5 627.58 
MS1704 2 12/16/2020 4.55 106.9 13.77 8.02 738.3 1156 704 751.4 
MS1705 3 12/16/2020 3.2 99.05 13.21 8.03 738.35 1124.5 656.5 730.93 
MS1722 1 2/25/2021 3 105.8 14.2 8.45 741.5 1356.5 784 881.73 






















MS1724 3 2/25/2021 2.9 118.65 15.94 9.17 742.55 1561.5 901.5 1014.98 
MS1738 1 3/23/2021 5.6 102.2 12.81 8.65 740.1 1021 643 663.65 
MS1739 2 3/23/2021 7.1 114 13.76 8.55 740.7 1361 895 884.65 
MS1740 3 3/23/2021 6.5 107.3 13.12 8.39 741.2 1171 758 761.15 
MS1763 1 4/26/2021 7.3 105.5 12.66 8.02 740.8 1073 711 697.45 
MS1764 2 4/26/2021 9.1 106.7 12.25 7.99 741.3 1409 980 915.85 





































CV01 5/11/2013 Groundwater 12.9 31.9 3.3 7 725.3 258.8 199.1 168.2 
CV02 5/11/2013 Groundwater 13.7 35.6 3.4 6.5 721.5 144 113.1 93.6 
CV03 5/11/2013 Spring Water 13 81.7 8.6 6.7 723.7 62.2 47.9 40.4 
CV04 5/11/2013 Groundwater 13.9 25 2.6 6.9 719.9 221.7 174.5 144.1 
CV05 5/11/2013 Groundwater 13.4 18.7 1.9 6.8 722 207.9 161.9 135.1 
CV06 5/11/2013 Groundwater 13.4 17.2 1.8 7.6 721.1 228.9 178.9 148.8 
CV07 5/11/2013 Groundwater 13.6 29.7 3.1 7.3 719 449.4 338.1 292.1 
CV08 5/11/2013 Groundwater 13.1 34.5 3.6 6.9 718.9 282 217.9 183.3 
CV09 5/11/2013 Groundwater 13.5 26.7 2.8 7.4 720.3 214 166.7 139.1 
CV10 5/11/2013 Groundwater 13.2 17.5 1.8 7.5 720.6 207.4 160.8 134.8 
CV11 5/11/2013 Spring Water 11.7 66.3 7.2 6.6 719 88.9 66.5 57.8 
CV12 5/11/2013 Spring Water 15 60.3 6.4 6.6 719.2 213.2 172.4 138.6 
CV13-1 5/11/2013 Spring Water 11.9 79.5 8.6 6.5 722.9 56.1 42.2 36.5 
CV13-2 5/11/2013 Groundwater 13.5 10.4 1.1 7.2 722.9 257.3 201.1 167.2 
CV14 5/11/2013 Groundwater 12.7 21.4 2.3 7.2 723.4 194.6 149 126.5 
CV15 6/23/2013 Groundwater 16.3 54.3 5.3 7.1 729.7 483.4 403.2 314.2 
CV16 6/23/2013 Groundwater 13.2 42.6 4.4 7.2 729.9 802.5 623.5 521.6 
CV17 6/23/2013 Groundwater 13.3 31.9 3.3 7.3 729.2 515.4 400.9 335 






















CV20 6/23/2013 Groundwater 14.7 89.6 9.1 7.5 727.5 516.3 414.1 335.6 
CV21 6/23/2013 Groundwater 15.8 21.6 2.1 7.4 727.5 1043.5 861 678.3 
CV22 6/23/2013 Groundwater 14.3 43.3 4.4 7.5 726.6 713 569 463.5 
CV23 6/23/2013 Groundwater 16.5 98.8 9.6 7.1 727.6 236.3 198.8 153.6 
CV24 6/23/2013 Surface Water 29.9 129.7 9.6 8.1 731.4 74.5 81.4 48.4 
 
 














CV29 10/27/2013 Groundwater 11.3 8.6 0.9 7.1 725.5 196.2 144.7 127.5 
CV30 10/27/2013 Groundwater 14.7 17.3 1.8 7.5 725.8 210.3 169 136.7 
CV31 10/27/2013 Groundwater 13.3 42 4.4 7.3 725.8 309.4 240.5 201.1 
CV32 10/27/2013 Groundwater 12.9 11.5 1.2 9.1 727.4 476.4 367.1 309.7 
CV33 10/27/2013 Groundwater 14.5 26.9 2.7 6.9 727.2 147.9 118.5 96.1 
CV34 10/27/2013 Groundwater 14 16.8 1.7 7.5 723.1 382.9 302.8 248.9 
CV35 10/27/2013 Groundwater 14.6 61 6.2 6.6 729.1 132.6 106.4 86.2 
CV36 10/27/2013 Groundwater 16 14.7 1.4 7 725 200.8 166.3 130.5 
CV37 10/27/2013 Groundwater 14.3 42 4.3 7 724.6 219 174.3 142.4 
CV38-1 10/27/2013 Spring Water 15.4 51 5.1 7.1 729.4 118.8 97.1 77.2 
CV38-2 10/27/2013 Groundwater 13.5 13.7 1.4 8 729.5 262.8 205 170.8 
CV39-1 10/27/2013 Spring Water 12.8 54 5.7 6.2 729.6 124.1 94.9 80.7 
CV39-2 10/27/2013 Groundwater 12.4 10.6 1.1 7.6 729.8 186.4 143.1 121.2 





















MS1547 8/5/2020 Groundwater 14.3 18.55 1.9 8.34 729.25 231.15 184.3 150.25 
MS1548 8/5/2020 Groundwater 15.85 22.85 2.3 7.66 730.85 203.4 168.4 132.21 
MS1549 8/5/2020 Groundwater 23.25 27.55 2.32 7.65 727 221.8 215.25 144.17 
MS1550 8/5/2020 Groundwater 14.65 21.9 2.22 7.4 725.35 162.25 131.25 105.46 
MS1551 8/5/2020 Groundwater 14.5 27.95 2.83 7.26 726.7 212.2 170.7 137.93 
MS1553 8/5/2020 Groundwater 15.5 32.85 3.27 8.65 725.85 326.95 268.05 212.52 
MS1554 8/5/2020 Groundwater 15.2 63.1 6.32 7.94 730.4 132.7 107.7 83.26 
MS1568 8/17/2020 Groundwater 18.9 17.1 1.57 8.11 723.3 196.65 174.75 127.82 
MS1569 8/17/2020 Groundwater 16.1 31 3.06 7.35 723.45 187.65 155.9 121.97 
MS1570 8/17/2020 Groundwater 18.35 22.95 2.15 7.46 722.9 166.9 146.15 108.49 
MS1571 8/17/2020 Groundwater 15.55 34.75 3.46 7.25 723.6 246.15 202.2 160 
MS1572 8/17/2020 Groundwater 15.45 21.25 2.12 7.37 724 103.95 85.25 67.57 
MS1573 8/17/2020 Groundwater 14.85 18.45 1.86 7.38 726 195.95 157.95 127.37 
MS1574 8/17/2020 Groundwater 22.4 25.3 2.38 6.91 721.5 211.65 201.25 137.57 
MS1575 8/17/2020 Groundwater 19.5 20.95 1.91 6.76 722.2 368.2 330.65 239.33 
MS1610 9/5/2020 Groundwater 14.2 77.6 7.95 8.7 734.8 204.85 163 133.15 
MS1611 9/5/2020 Groundwater 14.3 42.4 4.34 8.42 732.4 188.5 150.2 122.53 
MS1612 9/5/2020 Groundwater 20.75 49.65 4.44 7.84 735.6 105.55 97.3 68.61 
MS1613 9/5/2020 Groundwater 17.6 43.05 4.11 7.46 733.4 126.25 108.45 82.06 
MS1614 9/5/2020 Groundwater 18.25 78.3 7.38 6.94 734.7 136.85 120.25 88.95 
MS1615 9/5/2020 Surface 14.85 75.2 7.57 6.24 734.7 188.4 152.2 122.46 








APPENDIX Q. Ion Chromatography Data 
New Sewickley 
 
  mg/L 
Sample IC Analysis Date Fluoride Chloride Nitrite Bromide Nitrate Phosphate Sulfate 
MS218 9/17/13 0.02 29.00 bdl bdl bdl bdl 23.78 
MS219 9/17/13 bdl 36.65 bdl bdl 14.94 bdl 25.68 
MS220 9/17/13 bdl 13.63 bdl bdl 11.76 bdl 43.62 
MS347 7/31/14 bdl 15.00 bdl bdl 6.69 bdl 43.51 
MS348 7/31/14 bdl 265.14 bdl bdl 16.40 bdl 64.73 
MS349 7/31/14 1.09 98.49 bdl 0.08 2.87 0.55 7.40 
MS447 2/10/15 0.07 2.18 bdl 0.79 0.86 bdl 3.49 
MS648 11/25/15 0.07 1.20 bdl bdl 0.03 bdl 15.44 
MS649 11/25/15 0.08 8.55 bdl bdl 2.43 bdl 26.60 
MS650 11/25/15 0.08 6.03 bdl bdl 1.98 bdl 27.27 
MS1458 9/27/19 0.02 6.9 bdl bdl 4.6 bdl 25.9 
MS1459 9/27/19 0.04 3.4 bdl bdl 5.2 bdl 30.2 
MS1460 9/27/2019 0.09 2 bdl bdl 0.3 bdl 13 
MS1542 7/29/2020 0.19 4.6 bdl bdl 0.1 bdl 3.4 
MS1606 9/2/2020 bdl 53.2 bdl bdl 0.2 0.1 8.7 
MS1607 9/2/2020 0.07 333 bdl bdl 0.2 bdl 1.4 








  mg/L 
Sample IC Analysis Date Fluoride Chloride Nitrite Bromide Nitrate Phosphate Sulfate 
MS1609 9/2/2020 0.13 1603.6 bdl 4.9 0.5 bdl 2.7 
MS1639 10/2/2020 0.1 57.7 bdl bdl bdl bdl 6.2 
MS1640 10/2/2020 0.05 96.1 bdl bdl 8.6 bdl 34.1 
MS1641 10/2/2020 bdl 121.1 bdl bdl 8.7 bdl 46.2 
MS1642 10/2/2020 0.54 42.9 bdl 0.1 bdl 0.3 2.3 
MS1643 10/2/2020 0.09 5.9 bdl bdl 0.6 bdl 17.8 
MS1644 10/9/2020 0.09 66.4 bdl bdl 0.7 bdl 16 
MS1645 10/9/2020 0.09 67.8 bdl bdl 1.5 bdl 38.3 
MS1646 10/9/2020 0.41 4.6 bdl bdl bdl 0.1 1.4 
MS1647 10/19/2020 1.2 19 bdl bdl 0.9 bdl 52.8 
MS1653 10/28/2020 0.16 69.2 bdl bdl 1.19 bdl 7.1 
MS1684 11/23/2020 0.1 26.7 bdl bdl 0.09 bdl 29.1 
MS1685 12/3/2020 0.31 15.3 bdl 0.2 0.1 0.1 3.4 
MS1686 12/3/2020 0.12 50 bdl 0.3 11 bdl 73.5 
MS1687 12/3/2020 0.33 40.1 bdl 0.2 0.3 bdl 3.5 














  mg/L 
Sample IC Analysis Date Fluoride Chloride Nitrite Bromide Nitrate Phosphate Sulfate 
MS1650 10/28/2020 0.06 201.7 bdl 0.02 2.8 bdl 54.2 
MS1651 10/28/2020 0.18 192.2 bdl 0.04 76.54 2.19 124.2 
MS1652 10/28/2020 0.19 180.3 bdl 0.03 69.76 1.74 105.9 
MS1683 11/23/2020 0.06 106.4 bdl bdl 6.82 bdl 34.8 
MS1682 11/23/2020 0.08 83.9 bdl bdl 10.28 bdl 31 
MS1681 11/23/2020 0.07 86.6 bdl bdl 7.29 bdl 30.7 
MS1703 12/17/2020 0.05 219.07 bdl 0.15 9.09 bdl 46.37 
MS1704 12/17/2020 0.13 259.07 bdl 0.16 98.6 bdl 91.37 
MS1705 12/17/2020 0.14 251.3 bdl 0.15 84.36 bdl 91.66 
MS1722 2/26/2021 0.13 318.9 bdl bdl 10.6 bdl 28.3 
MS1723 2/26/2021 0.14 468.4 bdl bdl 11.3 bdl 33.3 
MS1724 2/26/2021 0.14 390.5 bdl bdl 10.5 bdl 31.9 
MS1738 3/24/2021 0.09 250.2 bdl bdl 9.9 bdl 36 
MS1739 3/24/2021 0.14 341.4 bdl bdl 19.3 bdl 67.4 
MS1740 3/24/2021 0.14 279.9 bdl bdl 18.4 bdl 69.1 
MS1763 4/27/2021 0.11 272 bdl bdl* 4.9 bdl 36.6 
MS1764 4/27/2021 0.2 347.1 bdl 0.02 27.7 0.4 73.9 











  mg/L 
Sample IC Analysis 
Date 
Fluoride Chloride Nitrite Bromide Nitrate Phosphate Sulfate 
CV01 - 0.05 0.8 bdl bdl 1.09 0.13 8.58 
CV02 - 0.11 0.42 bdl bdl 0.26 0.33 3.06 
CV03 - 0.07 4.08 bdl bdl 9.16 bdl 4.67 
CV04 - 0.09 0.95 bdl bdl 0.13 bdl 8.58 
CV05 - 0.09 0.4 bdl bdl 0.08 bdl 5.21 
CV06 - 0.29 2.24 bdl bdl 0.07 bdl 6.15 
CV07 6/8/2013 0.14 5.8 bdl bdl 0.48 bdl 5.55 
CV08 - 0.03 3.11 bdl bdl 11.61 bdl 17.32 
CV09 - 0.1 1.18 bdl bdl bdl bdl 10.24 
CV10 - 0.09 1.8 bdl bdl 1.11 bdl 11.35 
CV11 - 0.02 5.07 bdl bdl 13.73 bdl 9.37 
CV12 - 0.02 19.11 bdl bdl 6.68 bdl 7.22 
CV13-1 - 0.05 1.71 bdl bdl 3.86 bdl 5.02 
CV13-2 - 0.13 1.52 bdl bdl 0.17 bdl 12.41 
CV14 - 0.16 2.58 bdl bdl 0.03 0.07 7.82 
CV15 - 0.06 4.66 bdl bdl bdl bdl 4.67 
CV16 - 0.05 4.94 bdl 0.04 bdl bdl 7.17 
CV17 - 0.38 4.3 bdl bdl bdl bdl 6.76 
CV19 - 0.09 0.38 bdl bdl bdl bdl 4.35 
CV20 - 0.18 4.96 bdl bdl 0.48 bdl 14.12 
CV21 - 0.07 10.23 bdl bdl bdl bdl 99.93 
CV22 - 0.05 11.22 bdl bdl 31.99 bdl 16.67 
CV23 - 0.02 17.96 bdl bdl 9.49 bdl 3.47 









  mg/L 
Sample IC Analysis Date Fluoride Chloride Nitrite Bromide Nitrate Phosphate Sulfate 
CV29 - bdl 0.31 bdl bdl 0.43 bdl 5.29 
CV30 10/28/2013 bdl 5.89 bdl bdl 0.54 bdl 7.06 
CV31 - bdl 3.23 bdl bdl 23.96 bdl 18.22 
CV32 - bdl 26.5 bdl bdl n.a. bdl 8.96 
CV33 - bdl 0.36 bdl bdl 0.24 bdl 3.99 
CV34 - bdl 13.41 bdl Bdl 5.87 bdl 22.23 
CV35 - bdl 16.69 bdl Bdl 6.26 bdl 4.91 
CV36 - bdl 4.29 bdl Bdl 0.23 bdl 5.67 
CV37 - bdl 3.9 bdl Bdl 0.08 bdl 8.17 
CV38-1 - bdl 2.52 bdl Bdl 5.24 bdl 5.76 
CV38-2 - bdl 4.51 bdl Bdl 0.26 bdl 10.93 
CV39-1 - bdl 9.92 bdl Bdl 16.58 bdl 3.37 
CV39-2 - bdl 2.52 bdl Bdl 0.05 bdl 8.87 












  mg/L 
Sample IC Analysis Date Fluoride Chloride Nitrite Bromide Nitrate Phosphate Sulfate 
MS1547 8/6/2020 0.06 3.2 bdl Bdl 2.6 bdl 7 
MS1548 8/6/2020 0.1 4.5 bdl Bdl 0.8 bdl 5 
MS1549 8/6/2020 0.07 2.1 bdl Bdl 0.9 bdl 5.2 
MS1550 8/6/2020 0.07 2.4 bdl Bdl 1.2 bdl 5.1 
MS1551 8/6/2020 0.07 1.6 bdl Bdl 0.8 bdl 4.8 
MS1553 8/6/2020 0.08 12 bdl Bdl 1.1 bdl 6.4 
MS1554 8/6/2020 0.14 6.4 bdl Bdl 1.6 bdl 17.2 
MS1568 8/20/2020 0.09 3.1 bdl Bdl 0.2 0.2 4.7 
MS1569 8/20/2020 0.07 8.4 bdl Bdl 0.2 bdl 5.2 
MS1570 8/20/2020 0.07 2 bdl Bdl 0.2 bdl 6.3 
MS1571 8/20/2020 0.06 4 bdl Bdl 10.3 bdl 12.8 
MS1572 8/20/2020 0.09 4.9 bdl Bdl bdl bdl 2.1 
MS1573 8/20/2020 0.08 5.3 bdl Bdl bdl bdl 7 
MS1574 8/20/2020 0.07 7.4 bdl Bdl 0.2 bdl 7.8 
MS1575 8/20/2020 0.06 21.4 bdl Bdl 0.3 bdl 13.7 
MS1610 9/8/2020 0.07 2.5 bdl Bdl 0.77 bdl 9.5 
MS1611 9/8/2020 0.07 2 bdl Bdl 0.99 bdl 7.4 
MS1612 9/8/2020 0.03 4 bdl Bdl 5.61 bdl 6.6 
MS1613 9/8/2020 0.08 2.3 bdl Bdl 1.03 0.22 4.4 
MS1614 9/8/2020 n.a. 22.3 bdl Bdl 8.91 bdl 7.8 
MS1615 9/8/2020 n.a. 27.9 bdl Bdl 7.65 bdl Bdl 









APPENDIX R: ICP-MS Data 
New Sewickley 
 
  mg/L 
Sample ICPMS Analysis Date Li B Na Mg Al Si P K 
MS218 9/25/13 0.006 0.087 61.56 11.99 bdl 6.18 bdl 1.41 
MS219 9/25/13 0.009 0.024 10.35 14.31 bdl 5.25 0.01 1.87 
MS220 9/25/13 0.006 0.044 15.47 19.07 0.003 5.33 bdl 2.19 
MS347 - 0.006 0.035 15.62 22.98 0.077 5.54 0.10 1.62 
MS348 - 0.002 0.056 193.54 17.51 0.055 5.10 0.11 2.62 
MS349 - 0.008 0.157 251.87 1.72 0.254 4.19 0.22 2.13 
MS447 2/13/15 0.005 0.147 167.20 0.66 0.005 3.85 0.06 0.64 
MS648 12/23/15 0.001 0.025 4.45 5.05 0.048 0.66 bdl 2.51 
MS649 12/23/15 0.004 0.021 8.61 19.13 0.007 5.02 bdl 1.76 
MS650 12/23/15 0.005 0.035 35.69 16.55 bdl 4.39 bdl 1.76 
MS1458 10/18/2019 0.004 0.03 6.6 16.8 0.003 5.06 bdl 1.65 
MS1459 10/18/2019 0.004 0.03 11.78 17.65 0.002 4.44 <0.01 1.79 
MS1460 10/18/2019 0.001 0.03 3.1 4.29 0.008 3.83 0.08 3.59 
MS1542 9/2/2020 0.008 0.159 291.87 1.45 0.242 3.59 0.026 0.73 
MS1606 10/2/2020 0.005 0.21 242.49 2.15 0.062 3.82 0.023 0.56 
MS1607 10/2/2020 0.013 0.058 68.82 26.07 0.001 8 bdl 3.62 








  mg/L 
Sample ICPMS Analysis Date Li B Na Mg Al Si P K 
MS1609 10/2/2020 0.047 0.212 1253.9 5.27 0.007 3.85 bdl 4.16 
MS1639 10/29/2020 0.033 0.236 104.31 12.5 0.005 0.09 bdl 4.21 
MS1640 10/29/2020 0.033 0.237 106.37 12.92 0.006 0.1 bdl 4.35 
MS1641 10/29/2020 0.033 0.24 104.52 12.71 0.006 0.24 bdl 4.34 
MS1642 10/29/2020 0.034 0.248 107.07 13.06 0.007 5.25 0.149 4.6 
MS1643 10/29/2020 0.008 0.063 73.45 10.23 bdl 6.81 bdl 1.19 
MS1644 10/29/2020 0.008 0.075 96.37 11.63 bdl 6.95 bdl 1.1 
MS1645 10/29/2020 0.009 0.093 142 9.89 bdl 7.41 bdl 1.76 
MS1646 10/29/2020 0.006 0.153 145.42 1.15 bdl 4.19 0.013 0.54 
MS1647 11/1/2020 0.006 0.217 220.41 1.69 0.012 3.12 0.019 0.6 
MS1653 11/1/2020 0.008 0.138 89.66 16.67 0.004 5.74 bdl 1.73 
MS1684 3/12/2021 0.007 0.052 44.13 9.01 0.023 7.78 0.024 1.79 
MS1685 3/12/2021 0.003 0.146 124.83 0.17 0.008 6.42 0.113 0.57 
MS1686 3/12/2021 0.006 0.071 66.22 10.17 0.009 6.1 0.075 2.33 
MS1687 3/12/2021 0.006 0.072 34.81 31.37 0.006 7.76 0.064 2.2 









Sample Ca Ti V Cr Mn Fe Co Ni Cu 
MS218 49.58 0.001 0.0010 <0.001 0.25 bdl 0.0005 0.002 0.002 
MS219 60.17 0.001 0.0009 <0.001 0.01 0.03 0.0001 0.001 0.007 
MS220 67.32 0.001 0.0005 bdl 0.05 0.08 0.0002 0.003 0.005 
MS347 83.89 bdl 0.0001 0.001 0.01 0.45 0.0002 0.004 0.033 
MS348 54.12 bdl 0.0012 0.002 <0.01 0.32 0.0003 0.003 0.027 
MS349 21.35 bdl 0.0007 0.001 0.16 0.16 0.0003 0.001 0.027 
MS447 2.17 0.001 bdl bdl <0.01 bdl bdl bdl 0.004 
MS648 16.90 bdl bdl bdl 0.01 0.07 0.0001 0.001 0.002 
MS649 56.56 bdl bdl bdl <0.01 0.18 0.0001 0.002 0.008 
MS650 43.84 bdl bdl bdl <0.01 0.11 0.0001 0.001 0.030 
MS1458 49.69 0.002 bdl 0.001 <0.001 0.31 0.0001 0.006 0.013 
MS1459 47.23 0.002 bdl 0.001 <0.001 0.29 0.0001 0.003 0.019 
MS1460 13.32 0.002 bdl bdl 0.02 0.42 0.0001 0.001 0.002 
MS1542 17.25 <0.001 <0.001 0 0.11 0.3 <0.0001 bdl 0.206 
MS1606 7.49 bdl 0.002 0.001 0.454 0.22 0.0011 0.005 0.336 
MS1607 118.79 bdl 0.006 0.003 0.358 1.26 0.0002 0.004 0.002 










Sample Ca Ti V Cr Mn Fe Co Ni Cu 
MS1609 21.29 bdl 0.025 0.005 0.036 0.25 0.0001 0.002 0.047 
MS1639 47.98 bdl 0.001 0.005 0.084 0.67 0.0003 0.003 <0.001 
MS1640 48.27 bdl 0.001 0.005 0.083 0.72 0.0003 0.003 0.001 
MS1641 48.57 bdl 0.001 0.005 0.083 0.74 0.0003 0.003 0.001 
MS1642 51.52 bdl 0.001 0.009 0.092 1.01 0.0006 0.004 0.001 
MS1643 33.89 bdl <0.001 0.002 0.003 0.03 0.0001 0.002 0.014 
MS1644 39.87 bdl 0.004 0.002 0.001 0.04 0.0001 0.003 0.038 
MS1645 35.44 bdl 0.004 0.002 0.002 0.09 0.0001 0.016 0.013 
MS1646 2.68 bdl <0.001 0.001 0.007 bdl <0.0001 bdl Bdl 
MS1647 2.93 <0.001 <0.001 bdl bdl bdl bdl <0.001 0.006 
MS1653 42 0 0.002 0.001 0.014 0.29 0.0001 0.003 0.006 
MS1684 41.36 0.001 0.001 bdl 0.096 0.78 0.000170058 0.001 0.221 
MS1685 1 0.001 <0.001 bdl 0.003 bdl 7.22E-05 0.001 0.003 
MS1686 37.12 0.001 0.001 bdl 0.003 0.19 0.000103498 0.004 0.027 
MS1687 104.76 0.001 0.001 bdl 0.018 0.41 0.000144637 0.001 0.052 









Sample Zn As Se Rb Sr Mo Ag Cd 
MS218 0.014 0.000 Bdl 0.002 0.89 0.0013 bdl 0.0003 
MS219 0.014 0.001 Bdl 0.001 0.32 0.0003 bdl 0.0001 
MS220 0.020 bdl Bdl 0.002 1.06 0.0005 0.0000 0.0001 
MS347 0.397 bdl 0.002 0.001 0.60 0.0002 0.0001 0.0001 
MS348 0.141 0.002 0.003 0.001 0.23 0.0008 0.0005 Bdl 
MS349 0.329 0.001 0.005 0.003 0.16 0.0010 0.0005 0.0001 
MS447 bdl bdl 0.001 0.001 0.05 0.0007 bdl <0.0001 
MS648 <0.01 <0.001 Bdl 0.001 0.06 0.0005 0.0002 0.0001 
MS649 0.023 <0.001 Bdl 0.001 0.22 0.0004 0.0002 <0.0001 
MS650 0.026 0.001 Bdl 0.001 0.27 0.0003 0.0001 <0.0001 
MS1458 0.021 bdl 0.002 0.0006 0.07 0.0008 0.00005 Bdl 
MS1459 0.024 bdl 0.002 0.0006 0.06 0.0005 0.00004 <0.0001 
MS1460 0.025 bdl 0.001 0.0016 0.02 0.0008 0.00004 <0.0001 
MS1542 0.417 <0.001 0.0003 0.0012 0.07 0.0008 bdl <0.0001 
MS1606 0.137 0.004 0.002 0.002 0.2 0.0008 0.0003 Bdl 
MS1607 0.001 0.01 0.002 0.007 2.7 0.0002 bdl Bdl 
MS1608 0.003 0.005 0.001 0.003 0.1 0.0001 bdl Bdl 









Sample Zn As Se Rb Sr Mo Ag Cd 
MS1639 bdl 0.002 0.004 0.006 0.53 0.0122 bdl Bdl 
MS1640 bdl 0.002 0.002 0.005 0.53 0.0128 0.0001 Bdl 
MS1641 bdl 0.002 0.003 0.006 0.54 0.0122 bdl Bdl 
MS1642 bdl 0.004 0.019 0.006 0.54 0.0127 0.0001 Bdl 
MS1643 0.034 0.003 0.001 0.002 0.52 0.0007 bdl Bdl 
MS1644 0.036 0.005 0.003 0.002 0.81 0.0002 bdl Bdl 
MS1645 0.008 0.005 0.002 0.002 0.98 0.0004 bdl Bdl 
MS1646 bdl 0.001 0.002 0.001 0.08 bdl bdl Bdl 
MS1647 <0.001 0.001 Bdl 0.001 0.34 0.0014 0.0007 <0.0001 
MS1653 0.015 0.003 <0.001 0.002 1.61 0.0003 <0.0001 Bdl 
MS1684 0.077 0.001 <0.001 0.002 0.7 0.0002 0.0002 <0.0001 
MS1685 0.011 <0.001 <0.001 0.001 0.02 0.0003 0.0002 <0.0001 
MS1686 0.015 0.001 <0.001 0.002 0.5 0.0009 0.0003 0.0001 
MS1687 0.028 0.003 0.002 0.002 4.35 0.0001 0.0003 <0.0001 














Sample Sn Sb Cs Ba W Pb Bi U 
MS218 0.0007 0.0005 0.00031 0.14 0.0033 0.0003 0.00028 0.0002 
MS219 0.0002 0.0002 0.00010 0.10 0.0023 0.0001 0.00010 0.0001 
MS220 0.0002 0.0002 0.00011 0.09 0.0018 0.0004 0.00009 0.0001 
MS347 0.0110 0.0001 0.00003 0.14 0.0001 0.0031 0.00005 0.0002 
MS348 0.0056 0.0002 0.00006 0.09 0.0013 0.0013 0.00041 0.0005 
MS349 0.0061 0.0002 0.00014 0.40 0.0010 0.0006 0.00029 0.0001 
MS447 0.0015 <0.0001 0.00001 0.18 0.0002 bdl bdl <0.0001 
MS648 0.0018 0.0009 0.00002 0.01 0.0010 0.0001 0.00024 0.0001 
MS649 0.0017 0.0007 0.00003 0.13 0.0008 0.0008 0.00019 0.0002 
MS650 0.0016 0.0005 0.00003 0.14 0.0007 0.0001 0.00032 0.0003 
MS1458 0.0005 0.0003 0.00003 0.04 0.0001 0.001 0.0002 0.0001 
MS1459 0.0004 0.0006 0.00002 0.04 0.0001 bdl 0.0001 0.0001 
MS1460 0.0002 0.0006 0.00001 0.01 0.0001 0.0001 0.0001 <0.0001 
MS1542 0.022 0.0004 0.00004 0.14 0.007 0.0009 bdl Bdl 
MS1606 0.0122 0.0135 0.00015 0.15 0.004 0.0163 bdl 0.0002 
MS1607 0.0031 0.0013 0.00008 5.26 0.003 0.0006 bdl Bdl 









Sample Sn Sb Cs Ba W Pb Bi U 
MS1609 0.0027 0.0013 0.00018 0.7 0.005 0.0011 bdl bdl 
MS1639 bdl 0.0008 0.00002 0.06 bdl bdl bdl 0.0001 
MS1640 bdl 0.0008 0.00002 0.07 bdl bdl bdl 0.0001 
MS1641 bdl 0.0008 0.00002 0.07 bdl bdl bdl 0.0001 
MS1642 bdl 0.0008 0.00003 0.07 bdl bdl bdl 0.0001 
MS1643 bdl 0.0012 bdl 0.29 bdl <0.0001 bdl <0.0001 
MS1644 bdl 0.0009 0.00001 0.19 bdl 0.0038 bdl bdl 
MS1645 bdl 0.0007 0.00002 0.08 bdl 0.0037 bdl bdl 
MS1646 bdl 0.001 0.00001 0.46 bdl bdl bdl bdl 
MS1647 0.0023 0.001 0.00005 0.04 0.022 bdl 0.00032 0.0004 
MS1653 0.0002 0.0011 0.00004 0.53 0.01 0.0007 0.00001 bdl 
MS1684 bdl 0.0006 0.00002 0.09 bdl 0.0257 bdl <0.0001 
MS1685 0.0001 0.0007 0.00003 0.02 bdl 0.0004 bdl <0.0001 
MS1686 bdl 0.0008 0.00001 0.04 bdl 0.0005 bdl 0.0001 
MS1687 bdl 0.0009 0.00004 0.22 bdl 0.0016 bdl <0.0001 
















Li B Na Mg Al Si P K 
MS1650 11/1/2020 0.001 0.057 101.76 18.11 0.011 1.08 bdl 3.35 
MS1651 11/1/2020 0.005 0.136 149.1 15.15 0.007 1.32 0.698 8.23 
MS1652 11/1/2020 0.005 0.127 136.71 13.79 0.009 0.95 0.545 7.92 
MS1683 3/12/2021 0.001 0.029 56.84 9.77 0.044 3.57 0.037 2.64 
MS1682 3/12/2021 0.001 0.036 56.22 8.07 0.052 3.13 0.108 3.2 
MS1681 3/12/2021 0.001 0.032 49.86 7.33 0.074 2.82 0.095 3.12 
MS1703 3/12/2021 0.001 0.033 101.81 18.22 0.009 2.53 0.087 2.69 
MS1704 3/12/2021 0.004 0.094 154.64 15.88 0.007 1.52 0.398 7.48 
MS1705 3/12/2021 0.004 0.081 149.71 15.45 0.007 1.98 0.342 6.86 
MS1722 3/12/2021 0.001 0.021 146.06 14.81 0.063 3.66 0.06 2.63 
MS1723 3/12/2021 0.002 0.023 231.36 12.39 0.125 3.12 0.067 2.9 
MS1724 3/12/2021 0.002 0.022 196.28 10.9 0.09 3.48 0.058 2.82 
MS1738 3/31/2021 0.001 0.029 105.19 14.21 0.019 0.99 bdl 1.29 
MS1739 3/31/2021 0.002 0.047 171.32 14.78 0.021 1.16 bdl 2.58 
MS1740 3/31/2021 0.002 0.043 139.76 12.97 0.018 0.56 bdl 2.42 
MS1763  0.001 0.03 132.75 20.59 0.028 4.97 0.143 1.97 
MS1764  0.004 0.07 200.75 20.59 0.025 4.18 0.27 4.88 










Sample Ca Ti V Cr Mn Fe Co Ni Cu 
MS1650 56.93 bdl 0.002 0.001 0.038 0.29 0.0002 0.003 bdl 
MS1651 55.54 0.002 0.002 <0.001 0.014 0.26 0.0003 0.005 0.001 
MS1652 52.03 0.002 0.003 0.002 0.024 0.24 0.0003 0.005 bdl 
MS1683 35 <0.001 0.001 bdl 0.07 0.24 0.00024563 0.003 0.001 
MS1682 35.52 0.001 0.001 bdl 0.057 0.28 0.00021237 0.002 0.002 
MS1681 32.73 0.001 0.001 bdl 0.081 0.29 0.00025469 0.001 0.003 
MS1703 60.34 bdl 0.001 bdl 0.09 0.4 0.00020342 0.002 0.004 
MS1704 60.73 0.001 <0.001 bdl 0.045 0.51 0.00023893 0.004 0.005 
MS1705 61.36 0.001 0.001 bdl 0.046 0.51 0.00029056 0.003 0.004 
MS1722 52.55 <0.001 0.001 bdl 0.092 0.29 0.00033053 0.001 0.004 
MS1723 56.49 0.001 0.002 bdl 0.172 0.47 0.00045377 0.002 0.009 
MS1724 49.85 <0.001 0.002 bdl 0.144 0.39 0.00037107 0.004 0.01 
MS1738 42.41 0.001 0.002 bdl 0.111 0.21 0.0001 0.001 0.017 
MS1739 52.65 0.001 0.003 <0.001 0.124 0.42 0.0003 0.002 0.005 
MS1740 47.31 0.001 0.003 0.001 0.128 0.45 0.0002 0.001 0.004 
MS1763 57.18 0.0002 0.001 0.004 0.16 0.69 0.0004 0.002 0.007 
MS1764 67.64 0.0004 0.002 0.009 0.07 0.88 0.0006 0.007 0.01 










Sample Zn As Se Rb Sr Mo Ag Cd 
MS1650 0.007 0.003 0.001 0.001 0.28 0.0006 0.0002 Bdl 
MS1651 0.009 0.003 0.001 0.007 0.32 0.0019 <0.0001 <0.0001 
MS1652 0.011 0.003 bdl 0.006 0.29 0.0019 bdl <0.0001 
MS1683 0.011 0.002 0.001 0.001 0.14 0.0005 0.0002 0.0001 
MS1682 0.013 0.002 0.001 0.001 0.17 0.0008 0.0002 <0.0001 
MS1681 0.015 0.001 0.001 0.002 0.16 0.0006 0.002 0.0001 
MS1703 0.004 0.004 0.001 0.001 0.28 0.0001 0.0002 <0.0001 
MS1704 0.014 0.004 0.001 0.006 0.33 0.0011 bdl 0.0001 
MS1705 0.013 0.004 0.001 0.005 0.32 0.0008 0.0003 0.0001 
MS1722 0.018 0.005 0.001 0.001 0.22 0 0.0004 0.0001 
MS1723 0.017 0.006 0.002 0.001 0.26 0.0002 0.0018 0.0002 
MS1724 0.017 0.006 0.002 0.001 0.23 0.0001 0.0004 0.0001 
MS1738 0.005 0.006 bdl 0.001 0.19 0.0004 bdl <0.0001 
MS1739 0.011 0.008 bdl 0.002 0.28 0.0007 bdl <0.0001 
MS1740 0.007 0.007 0.001 0.002 0.25 0.0006 bdl <0.0001 
MS1763 0.015 0.005 0.003 0.001 0.27 0.0001 0.0002 0.0003 
MS1764 0.02 0.006 0.003 0.004 0.38 0.0007 bdl 0.0003 










Sample Sn Sb Cs Ba W Pb Bi U 
MS1650 0.0006 0.0014 0.00001 0.09 0.012 0.0001 0.0001 0.0002 
MS1651 0.0006 0.001 0.00006 0.04 0.013 bdl 0.00008 0.0001 
MS1652 0.0004 0.0013 0.00004 0.05 0.012 bdl 0.00003 0.0001 
MS1683 bdl 0.0014 bdl 0.06 bdl 0.0003 bdl 0.0002 
MS1682 bdl 0.0011 0.00002 0.04 bdl 0.0005 bdl 0.0002 
MS1681 bdl 0.0016 0.00001 0.04 bdl 0.0016 bdl 0.0002 
MS1703 bdl 0.001 bdl 0.09 bdl 0.0004 <0.0001 0.0003 
MS1704 bdl 0.0008 0.00003 0.06 bdl 0.0002 bdl 0.0002 
MS1705 bdl 0.0011 0.00001 0.06 bdl 0.0002 bdl 0.0003 
MS1722 bdl 0.001 bdl 0.1 bdl 0.0012 bdl 0.0002 
MS1723 bdl 0.001 0.00001 0.09 bdl 0.0026 bdl 0.0003 
MS1724 bdl 0.0013 0.00001 0.07 bdl 0.0016 bdl 0.0002 
MS1738 bdl 0.0008 0.00001 0.07 bdl 0.0006 <0.0001 0.0001 
MS1739 bdl 0.0008 <0.00001 0.06 bdl 0.0008 bdl 0.0003 
MS1740 bdl 0.001 <0.00001 0.06 bdl 0.0006 bdl 0.0002 
MS1763 0.0002 0.0016 <0.00001 0.1 bdl 0.0004 bdl 0.0002 
MS1764 0.0004 0.0012 0.00003 0.07 bdl 0.0003 bdl 0.0003 












  mg/L 
Sample ICPMS 
Analysis Date 
Li B Na Mg Al Si P K 
CV01 - 0.012 0.042 11.48 12.3 0.003 5.65 0.08 0.83 
CV02 - 0.008 0.009 6.45 7.15 bdl 9.71 0.13 0.47 
CV03 - 0.001 0.006 2.39 1.77 0.004 3.34 0.05 1.4 
CV04 - 0.01 0.022 9.99 9.81 bdl 10.27 0.06 0.48 
CV05 - 0.011 0.019 7.74 9.98 bdl 10.45 0.07 0.56 
CV06 - 0.013 0.096 40.69 1.6 bdl 6.58 0.08 0.33 
CV07 5/14/2013 0.013 0.013 7.45 9.99 bdl 9 0.08 0.76 
CV08 - 0.013 0.014 6.24 14.5 bdl 5.32 0.08 1.53 
CV09 - 0.024 0.048 13.85 6.29 bdl 7.84 0.08 0.72 
CV10 - 0.021 0.045 9.94 8.22 bdl 7.88 0.08 0.75 
CV11 - 0.001 0.018 2.95 2.86 bdl 4.29 0.09 1.85 








  mg/L 
Sample ICPMS 
Analysis Date 
Li B Na Mg Al Si P K 
CV13-1 - 0.001 0.009 1.21 1.58 bdl 3.35 0.07 1.27 
CV13-2 - 0.013 0.258 48.67 2.22 bdl 5 0.07 0.22 
CV14 - 0.008 0.047 10.87 7.3 bdl 7.51 0.08 0.3 
CV15 - 0.017 bdl 6.02 8.17 bdl 11.88 0.02 0.54 
CV16 - 0.022 0.005 6.71 13.91 bdl 11.12 0.01 0.71 
CV17 - 0.022 0.005 6.35 10.91 bdl 11.26 0.03 0.67 
CV19 - 0.019 <0.001 6.63 9.7 bdl 11.65 0.07 0.53 
CV20 - 0.023 0.003 8.95 10.58 bdl 9.99 0.03 1.07 
CV21 - 0.001 bdl 104.02 0.02 bdl 9.89 0.05 0.09 
CV22 - 0.011 bdl 5.94 17.03 bdl 5.22 0.05 1.98 
CV23 - 0.002 bdl 7.99 2.47 bdl 3.14 0.04 1.26 













Sample Ca Ti V Cr Mn Fe Co Ni Cu 
CV01 21.43 0.001 0.0001 0.001 0.01 0.12 <0.0001 0.001 0.007 
CV02 9.84 0.002 0.0001 0 0 0.03 <0.0001 0.001 0.07 
CV03 3.22 0.001 0.0001 <0.0001 0.01 0 0.0011 0.006 0.071 
CV04 18.89 0.002 <0.0001 0.001 0 0.1 0.0001 0.001 0.003 
CV05 17.28 0.002 <0.0001 0.001 0.02 0.08 <0.0001 0.001 0.011 
CV06 7.52 0.001 <0.0001 0.001 0.1 0.11 <0.0001 0.002 0.001 
CV07 14.7 0.002 0.0001 bdl 0.1 0.06 <0.0001 0.001 0.007 
CV08 23.35 0.001 0.0005 0.001 0 0.13 0.0001 0.002 0.091 
CV09 20.14 0.002 <0.0001 0.001 0.04 0.1 <0.0001 0.001 0.001 
CV10 17.79 0.002 0.0001 0 0 0.08 0.0001 0.001 0.001 
CV11 5.43 0.001 0.0001 0.001 0.01 0.02 0.0007 0.009 0.204 









Sample Ca Ti V Cr Mn Fe Co Ni Cu 
CV13-1 4.86 0.001 <0.0001 bdl 0 0.01 0.0001 0.002 0.006 
CV13-2 5.9 0.001 <0.0001 0 0.12 0.06 <0.0001 <0.001 0.002 
CV14 15.09 0.001 <0.0001 0 0.15 0.09 <0.0001 0.001 <0.001 
CV15 13.87 0.002 bdl 0.001 1.47 4.67 0.0026 0.002 <0.001 
CV16 38.25 0.002 bdl 0.002 0.64 0.86 0.0003 0.001 <0.001 
CV17 17.99 0.002 bdl 0.002 0.84 0.11 0.0013 0.001 <0.001 
CV19 14.02 0.002 bdl 0.001 0.49 1.33 0.0002 <0.001 <0.001 
CV20 16.44 0.001 bdl 0.001 0.07 0.04 0.0001 0.001 0.538 
CV21 0.13 0.001 bdl 0.001 0 bdl 0.0001 <0.001 0.007 
CV22 26.71 0 <0.0001 0.001 0 0.09 0.0001 0.002 0.002 
CV23 4.61 0 bdl 0 0 bdl 0.0001 0.005 0.041 










Sample Zn As Se Rb Sr Mo Ag Cd 
CV01 bdl 0.001 Bdl 0.001 0.46 0.003 bdl Bdl 
CV02 bdl bdl Bdl 0 0.02 bdl bdl Bdl 
CV03 0.05 bdl Bdl 0.001 0.02 bdl bdl <0.0001 
CV04 bdl 0.002 Bdl 0.001 0.12 0.0002 bdl Bdl 
CV05 0.069 bdl Bdl 0 0.1 <0.0001 bdl <0.0001 
CV06 bdl 0.015 Bdl 0.001 0.34 0.0004 bdl <0.0001 
CV07 bdl 0.001 Bdl 0.001 0.07 0.0004 bdl <0.0001 
CV08 0.017 0.002 Bdl 0.001 0.2 0.0005 0.0009 0.0001 
CV09 bdl 0.024 Bdl 0.001 2.56 0.0016 bdl <0.0001 
CV10 bdl 0.014 Bdl 0.001 1.12 0.0013 bdl <0.0001 
CV11 0.03 bdl Bdl 0.001 0.03 bdl bdl <0.0001 









Sample Zn As Se Rb Sr Mo Ag Cd 
CV13-1 0.04 bdl Bdl 0.001 0.02 bdl bdl <0.0001 
CV13-2 bdl 0.076 Bdl 0.001 0.2 0.0004 bdl <0.0001 
CV14 bdl 0.013 Bdl 0.001 0.33 0.0003 bdl Bdl 
CV15 bdl 0.004 <0.001 0.001 0.02 0.0001 bdl <0.0001 
CV16 bdl 0.002 0.001 0.001 0.13 0.0001 bdl <0.0001 
CV17 bdl 0.002 0.001 0.001 0.07 0.0001 bdl <0.0001 
CV19 bdl 0.007 0.001 0.001 0.06 0.0001 bdl <0.0001 
CV20 bdl <0.001 <0.001 0.001 0.27 0.0003 <0.001 <0.0001 
CV21 bdl 0.001 bdl 0 0 <0.0001 bdl Bdl 
CV22 0.01 0.003 0.002 0.001 0.12 0.0004 bdl <0.0001 
CV23 0.031 bdl bdl 0.002 0.03 bdl bdl 0.0001 











Sample Sn Sb Cs Ba W Pb Bi U 
CV01 <0.0001 0.0001 0.00003 0.1 <0.0001 0.0004 bdl 0.0008 
CV02 <0.0001 <0.0001 <0.00001 0.04 bdl <0.0001 bdl <0.00001 
CV03 <0.0001 0.0001 0.00002 0.04 bdl 0.001 bdl Bdl 
CV04 <0.0001 <0.0001 0.00003 0.15 0.0001 <0.0001 bdl 0 
CV05 <0.0001 <0.0001 0.00001 0.16 bdl 0.0001 bdl 0 
CV06 <0.0001 <0.0001 0.00012 0.23 0.0002 <0.0001 bdl Bdl 
CV07 <0.0001 <0.0001 0.00003 0.23 0.0005 0.0003 bdl <0.0001 
CV08 <0.0001 0.0001 0.00004 0.2 <0.0001 0.0005 bdl 0.0017 
CV09 <0.0001 0.0001 0.00001 0.1 0.0001 <0.0001 bdl 0.0004 
CV10 <0.0001 0.0001 0.00002 0.13 <0.0001 0.0001 bdl 0.0003 
CV11 0.0001 <0.0001 0.00001 0.09 bdl 0.0002 bdl bdl 









Sample Sn Sb Cs Ba W Pb Bi U 
CV13-1 0.0008 <0.0001 0.00003 0.01 bdl 0.0006 bdl bdl 
CV13-2 0.0005 0.0001 0.00009 0.08 0.0004 <0.0001 bdl <0.00001 
CV14 <0.0001 <0.0001 0.00008 0.14 <0.0001 <0.0001 bdl <0.00001 
CV15 0.0003 0.0002 0.00011 0.15 0.0007 0.0001 0.00007 <0.00001 
CV16 0.0002 0.0001 0.00013 0.4 0.0004 <0.0001 0.00005 <0.00001 
CV17 0.0001 0.0001 0.00009 0.19 0.0003 <0.0001 0.00002 bdl 
CV19 0.0004 0.0001 0.00007 0.24 <0.0001 <0.0001 <0.00001 bdl 
CV20 <0.0001 <0.0001 0.00007 0.18 <0.0001 0.0006 <0.00001 0.0001 
CV21 <0.0001 0.0001 0.00002 bdl <0.0001 0.0001 <0.00001 0 
CV22 <0.0001 0.0001 0.00003 0.23 <0.0001 <0.0001 <0.00001 0.0018 
CV23 <0.0001 0.0001 0.00006 bdl bdl 0.0004 <0.00001 bdl 











  mg/L 
Sample ICPMS 
Analysis Date 
Li B Na Mg Al Si P K 
CV29 - 0.016 0.007 6.07 8.96 bdl 10.42 bdl 0.54 
CV30 11/13/2013 0.011 0.006 7.09 9.65 bdl 8.3 bdl 0.71 
CV31 - 0.013 0.007 6.8 13.52 bdl 5.34 bdl 1.31 
CV32 - 0.019 0.122 93.16 0.84 bdl 4.87 0.05 0.23 
CV33 - 0.007 0.003 6.42 6.87 bdl 9.12 0.06 0.45 
CV34 - 0.01 0.003 5.94 17.59 bdl 5.21 bdl 1.82 
CV35 - 0.001 bdl 10.89 2.35 bdl 3.35 bdl 1.34 
CV36 - 0.014 0.002 5.65 7.42 0.001 10.77 0.02 0.54 
CV37 - 0.006 0.009 24.72 6.42 bdl 9.85 bdl 0.55 
CV38-1 - 0.001 0.004 1.67 2.76 bdl 3.47 bdl 1.49 
CV38-2 - 0.01 0.114 26.56 5.72 bdl 5.96 bdl 0.38 
CV39-1 - 0.001 0.007 3.38 3.99 bdl 3.81 bdl 2.44 
CV39-2 - 0.007 0.033 9.3 6.44 bdl 6.41 bdl 0.25 










Sample Ca Ti V Cr Mn Fe Co Ni Cu 
CV29 15.62 0.002 bdl bdl 0.33 0.82 <0.0001 0 <0.001 
CV30 16.23 0.001 bdl bdl 0.06 bdl <0.0001 0.001 0.006 
CV31 25.22 0.001 bdl bdl 0 0 <0.0001 0.001 0.109 
CV32 4.82 0.001 bdl bdl 0.04 bdl <0.0001 0 0.001 
CV33 10.54 0.002 bdl bdl 0 bdl <0.0001 bdl 0.148 
CV34 32.43 0.001 bdl bdl 0 0.05 <0.0001 0.003 0.003 
CV35 5.14 <0.001 bdl bdl 0.01 bdl <0.0001 0.003 0.011 
CV36 14.49 0.002 bdl bdl 1.42 4.08 0.0021 0.003 <0.001 
CV37 7.25 0.002 bdl bdl 0.5 bdl 0.0005 0.002 <0.001 
CV38-1 13.38 <0.001 bdl bdl 0 bdl <0.0001 bdl 0.005 
CV38-2 15.68 0.001 bdl bdl 0.08 bdl 0 0.001 0.001 
CV39-1 7.33 <0.001 bdl bdl 0.01 bdl 0.0001 0.006 Bdl 
CV39-2 15.68 0.001 bdl bdl 0.15 0 <0.0001 <0.001 0.001 











Sample Zn As Se Rb Sr Mo Ag Cd 
CV29 bdl 0.001 <0.001 0.001 0.05 0 0.0001 bdl 
CV30 <0.01 bdl 0.001 0.001 0.06 0.0002 0.0001 Bdl 
CV31 0.013 0.001 bdl 0.001 0.18 0.0005 0.0004 Bdl 
CV32 bdl 0.023 0.001 0.001 0.17 0.0004 bdl Bdl 
CV33 0.009 bdl bdl 0 0.02 bdl bdl Bdl 
CV34 0.019 0.001 0.002 0.001 0.11 0.0005 bdl Bdl 
CV35 0.077 bdl bdl 0.002 0.03 bdl bdl Bdl 
CV36 0.013 0.001 bdl 0.001 0.02 bdl bdl Bdl 
CV37 bdl bdl <0.001 0.001 0.02 bdl 0.0002 Bdl 
CV38-1 0.01 bdl bdl 0.002 0.04 bdl bdl Bdl 
CV38-2 bdl 0.027 bdl 0.001 0.4 0.0002 bdl Bdl 
CV39-1 0.004 bdl 0.001 0.002 0.04 bdl 0.0001 Bdl 
CV39-2 0.002 0.007 bdl 0.001 0.29 0.0002 bdl Bdl 










Sample Sn Sb Cs Ba W Pb Bi U 
CV29 bdl <0.0001 0.00006 0.22 <0.0001 bdl bdl dl 
CV30 bdl <0.0001 0.00004 0.23 <0.0001 0.0003 bdl <0.0001 
CV31 bdl 0.0001 0.00004 0.21 <0.0001 0.0003 bdl 0.0021 
CV32 <0.0001 <0.0001 0.00014 0.13 0.0005 bdl bdl bdl 
CV33 bdl <0.0001 <0.00001 0.04 <0.0001 0.0004 bdl bdl 
CV34 bdl 0.0001 0.00003 0.25 <0.0001 bdl bdl 0.0022 
CV35 bdl <0.0001 0.00006 0.02 <0.0001 bdl bdl bdl 
CV36 bdl 0.0001 0.00003 0.15 <0.0001 bdl bdl bdl 
CV37 bdl <0.0001 0.00004 0.05 <0.0001 bdl bdl bdl 
CV38-1 0.0015 <0.0001 0.00003 0.02 <0.0001 bdl bdl 0 
CV38-2 0.0005 0.0001 0.00013 0.13 0.0002 bdl bdl 0 
CV39-1 bdl <0.0001 0.00008 0.05 <0.0001 bdl bdl bdl 
CV39-2 bdl <0.0001 0.00007 0.14 <0.0001 bdl bdl 0 













  mg/L 
Sample ICPMS 
Analysis Date 
Li  B Na Mg Al Si P K 
MS1547 9/2/2020 0.018 0.111 82.7 1.48 0.008 5.92 bdl 0.16 
MS1548 9/2/2020 0.021 0.037 16.38 9.95 0.003 10.23 bdl 0.39 
MS1549 9/2/2020 0.019 0.028 11.08 9.37 0.007 8 bdl 0.27 
MS1550 9/2/2020 0.016 0.016 9.98 8.6 0.007 8.62 bdl 0.34 
MS1551 9/2/2020 0.018 0.017 13.14 11.13 0.005 8.36 bdl 0.69 
MS1553 9/2/2020 0.022 0.02 14.27 10.39 0.004 9 bdl 0.76 
MS1554 9/2/2020 0.008 0.034 10.48 5.19 0.009 6.06 bdl 0.08 
MS1568 9/2/2020 0.026 0.011 12.05 9.44 0.015 12.02 0.139 0.54 
MS1569 9/2/2020 0.022 0.009 11.76 8.71 0.007 11.15 0.121 0.44 








  mg/L 
Sample ICPMS 
Analysis Date 
Li  B Na Mg Al Si P K 
MS1571 9/2/2020 0.017 0.014 12.46 13.76 0.011 5.25 bdl 1.39 
MS1572 9/2/2020 0.019 0.011 9.93 5.94 0.009 8.38 bdl 0.58 
MS1573 9/2/2020 0.016 0.043 96.35 7.53 0.035 8.04 0.025 2.3 
MS1574 9/2/2020 0.002 0.021 99.87 0.04 0.052 10.53 bdl 0.01 
MS1575 9/2/2020 0.001 0.017 168.36 0.07 0.027 9.38 bdl Bdl 
MS1610 10/2/2020 0.019 0.044 13.96 6.23 0.003 6.41 bdl 0.23 
MS1611 10/2/2020 0.012 0.058 48.42 2.13 0.008 6.67 bdl 0.22 
MS1612 10/2/2020 0.001 0.01 2.87 3.19 0.005 3.47 bdl 1.44 
MS1613 10/2/2020 0.008 0.004 7.44 7.27 0.003 9.5 bdl 0.11 
MS1614 10/2/2020 0.001 0.002 18.67 2.96 0.007 2.95 bdl 1.3 
MS1615 10/2/2020 0.001 0.009 7.24 7.04 0.135 3.64 bdl 6.9 











Sample Ca Ti V Cr Mn Fe Co Ni Cu 
MS1547 7.63 <0.001 <0.001 0.004 0.05 0.17 <0.0001 bdl 0.004 
MS1548 17.01 0.003 <0.001 0.001 0.6 1.55 0.0001 bdl 0.003 
MS1549 24.93 0.002 <0.001 0.006 0.09 0.31 0.0001 bdl 0.05 
MS1550 15.06 0.002 <0.001 0.001 0.13 0.7 <0.0001 bdl 0.012 
MS1551 18.58 0.002 <0.001 0.002 0.1 0.19 <0.0001 bdl 0.015 
MS1553 17.94 0.002 <0.001 0.002 0.04 0.18 bdl bdl 0.019 
MS1554 12.6 <0.001 <0.001 0.002 0.15 0.18 bdl bdl 0.077 
MS1568 15.3 0.005 0.001 0.001 1.59 5.09 0.0032 0.003 0.006 
MS1569 17.03 0.004 0.001 0.001 1.84 6.24 0.0029 0.003 0.181 
MS1570 16.69 0.002 <0.001 0.002 0.31 0.35 <0.0001 0.001 0.031 









Sample Ca Ti V Cr Mn Fe Co Ni Cu 
MS1572 5.8 0.001 0.001 0.001 1.2 4.25 0.0006 bdl 0.013 
MS1573 22.42 0.002 0.001 0.002 0.15 0.61 0.0001 0.004 0.02 
MS1574 0.39 0.003 0.001 0.004 <0.01 0.16 bdl bdl 0.002 
MS1575 0.49 0.001 0.002 0.001 <0.01 0 bdl bdl 0.015 
MS1610 20.77 bdl 0.001 0.001 0.015 0.02 <0.0001 <0.001 0.002 
MS1611 2.71 bdl <0.001 0.001 0.002 bdl bdl bdl 0.003 
MS1612 15.33 bdl <0.001 0.001 <0.001 0.02 <0.0001 0.002 0.003 
MS1613 11.87 bdl <0.001 0.001 0.001 <0.01 bdl 0.001 0.169 
MS1614 6.54 bdl 0.001 0.001 0.002 bdl <0.0001 0.003 0.001 
MS1615 14.68 bdl 0.002 0.001 0.133 0.09 0.0016 0.013 0.004 











Sample Zn As Se Rb Sr Mo Ag Cd 
MS1547 0.006 0.015 0.0001 0.0009 0.32 0.0006 bdl Bdl 
MS1548 0.005 0.006 bdl 0.0011 0.18 0.0001 bdl Bdl 
MS1549 0.07 0.001 0.0001 0.0009 0.12 0.0002 bdl Bdl 
MS1550 0.011 0.002 bdl 0.0006 0.02 bdl bdl 0.0001 
MS1551 0.004 0.002 bdl 0.0007 0.07 0.0003 bdl Bdl 
MS1553 0.009 0.002 bdl 0.0008 0.15 0.0003 bdl Bdl 
MS1554 0.066 0.008 bdl 0.0006 0.27 0.0001 bdl Bdl 
MS1568 0.031 0.01 bdl 0.001 0.02 0.0002 bdl Bdl 
MS1569 0.07 0.004 0.0002 0.0008 0.01 bdl bdl <0.0001 
MS1570 0.009 0.002 bdl 0.0006 0.08 bdl bdl Bdl 









Sample Zn As Se Rb Sr Mo Ag Cd 
MS1572 0.013 0.002 bdl 0.0008 0.02 bdl bdl Bdl 
MS1573 0.029 0.006 0.0009 0.0009 0.59 0.0018 bdl Bdl 
MS1574 0.006 0.002 bdl 0.0001 0.01 0.0003 bdl Bdl 
MS1575 0.039 0.001 0.0003 0.0001 bdl bdl bdl Bdl 
MS1610 bdl 0.014 0.001 0.001 2.43 0.0017 bdl Bdl 
MS1611 0.001 0.015 0.001 <0.001 0.03 0.0004 0.0002 Bdl 
MS1612 bdl 0.002 <0.001 0.002 0.04 0.0001 0.0067 Bdl 
MS1613 0.011 0.002 0.002 <0.001 0.03 0.0001 bdl Bdl 
MS1614 0.014 0.002 0.002 0.002 0.03 0.0001 0.0002 Bdl 
MS1615 0.026 0.003 0.001 0.006 0.08 0.0001 bdl Bdl 











Sample Sn Sb Cs Ba W Pb Bi U 
MS1547 0.0008 0.0004 0.00016 0.18 0.004 bdl bdl Bdl 
MS1548 0.0009 0.0005 0.00013 0.25 0.004 bdl bdl Bdl 
MS1549 0.0006 0.0006 0.00006 0.09 0.004 0.0001 bdl Bdl 
MS1550 0.0005 0.0003 0.00006 0.25 0.003 0.0002 bdl Bdl 
MS1551 0.0009 0.0005 0.00005 0.22 0.003 0.0009 bdl Bdl 
MS1553 0.0005 0.001 0.00003 0.17 0.003 0.0051 bdl Bdl 
MS1554 0.0008 0.0009 0.00007 0.1 0.003 0.0035 bdl Bdl 
MS1568 0.0183 0.0004 0.00007 0.03 bdl 0.0004 bdl bdl 
MS1569 0.0181 0.0006 0.00005 0.18 bdl 0.0116 bdl bdl 
MS1570 0.0148 0.0021 0.00004 0.17 bdl 0.0032 bdl bdl 









Sample Sn Sb Cs Ba W Pb Bi U 
MS1572 0.0161 0.0005 0.00007 0.11 bdl 0.0007 bdl bdl 
MS1573 0.0514 0.0006 0.00014 0.21 bdl 0.0012 bdl bdl 
MS1574 0.0038 0.0006 0.00001 <0.01 bdl bdl bdl bdl 
MS1575 0.0506 0.0009 0 0.03 bdl 0.0008 bdl bdl 
MS1610 0.0015 0.0009 0.00004 0.01 0.003 <0.0001 bdl 0.0005 
MS1611 0.0012 0.0014 0.00008 0.03 0.004 0.0001 bdl bdl 
MS1612 0.0011 0.0018 0.00008 0.02 0.004 bdl bdl bdl 
MS1613 0.001 0.0014 0.00001 0.04 0.004 0.0013 bdl bdl 
MS1614 0.0008 0.001 0.00012 0.02 0.005 0.0048 bdl bdl 
MS1615 0.0007 0.0007 0.0003 0.12 0.004 0.0009 bdl bdl 








  µg/L 
Sample Lab Analysis 
Date 
Methane Ethane Ethene Propane 
MS218 9/10/13 102.52 0.03 ND 0.01 
MS219 9/10/13 ND ND ND ND 
MS220 9/10/13 1.68 ND ND ND 
MS347 8/1/14 ND 0.02 ND 0.03 
MS348 8/1/14 ND ND ND ND 
MS349 8/1/14 4.22 ND ND ND 
MS447 2/9/15 961.70 0.16 ND ND 
MS648 11/25/15 1.77 ND ND ND 
MS649 11/25/15 ND ND ND ND 
MS650 11/25/15 0.58 ND ND ND 
MS1458 - - - - - 
MS1459 - - - - - 
MS1460 - - - - - 
MS1542 7/29/20 1,814 Bdl bdl Bdl 
MS1606 9/2/2020 10,645 209 bdl Bdl 
MS1607 9/2/2020 774 Bdl bdl Bdl 
MS1608 9/2/2020 6,625 16 bdl Bdl 
MS1609 9/2/2020, 
10/9/2020 
54680 484 bdl Bdl 
MS1639 10/2/2020 139 10 bdl Bdl 
MS1640 10/2/2020 31 10 bdl Bdl 
MS1641 10/3/2020 10 10 bdl Bdl 
MS1642 10/4/2020 17214 10 39 11 
MS1643 10/5/2020 10 10 bdl Bdl 
MS1644 10/6/2020 12 10 bdl Bdl 
MS1645 10/7/2020 12 10 bdl Bdl 
MS1646 10/8/2020 4610 12 bdl Bdl 
MS1647 10/19/20 11.5 11 bdl Bdl 
MS1653 10/28/20 13 11 bdl Bdl 
MS1684 11/23/2020 22 Bdl bdl Bdl 
MS1685 12/3/2020 521.5 0.4 bdl Bdl 
MS1686 12/3/2020 6 0.2 bdl Bdl 
MS1687 12/3/2020 6 0.2 bdl Bdl 








  µg/L 
Sample Lab Analysis Date Methane Ethane Ethene Propane 
MS1650 10/28/2020 13 11 bdl Bdl 
MS1651 10/28/2020 15 11 bdl Bdl 
MS1652 10/28/2020 17 11 bdl Bdl 
MS1683 11/23/2020 9 bdl bdl Bdl 
MS1682 11/23/2020 9 bdl bdl Bdl 
MS1681 11/23/2020 9 bdl bdl Bdl 
MS1703 12/18/2020 6.7 bdl bdl Bdl 
MS1704 12/18/2020 9.4 bdl bdl Bdl 
MS1705 12/18/2020 14.45 bdl bdl Bdl 
MS1722 2/26/2021 7 bdl bdl Bdl 
MS1723 2/26/2021 6 bdl bdl Bdl 
MS1724 2/26/2021 6 bdl bdl Bdl 
MS1738 3/24/2021 7 bdl bdl Bdl 
MS1739 3/24/2021 6.5 bdl bdl Bdl 
MS1740 3/24/2021 9 bdl bdl Bdl 
MS1763 4/27/2021 bdl bdl bdl Bdl 
MS1764 4/27/2021 9 bdl bdl Bdl 

























  µg/L 
Sample Lab Analysis Date Methane Ethane Ethene Propane 
CV01 5/16/2013 ND ND ND ND 
CV02 5/16/2013 ND ND ND ND 
CV03 5/16/2013 ND ND ND ND 
CV04 5/16/2013 ND ND ND ND 
CV05 5/16/2013 0.3 ND ND ND 
CV06 5/16/2013 20808.35 263.56 ND 5.77 
CV07 5/16/2013 ND ND ND ND 
CV08 5/16/2013 ND ND ND ND 
CV09 5/16/2013 0.51 ND ND ND 
CV10 5/16/2013 0.36 ND ND ND 
CV11 5/16/2013 0.73 ND ND ND 
CV12 5/16/2013 6.68 0.02 ND ND 
CV13-1 5/16/2013 1.04 0.01 ND ND 
CV13-2 5/16/2013 1.55 0.03 ND ND 
CV14 5/16/2013 0.82 ND ND ND 
CV15 7/2/2013 3.47 0.01 ND 0.02 
CV16 6/26/2013 19.22 ND ND ND 
CV17 6/26/2013 15.24 ND ND ND 
CV19 6/26/2013 ND ND ND ND 
CV20 6/26/2013 ND ND ND ND 
CV21 6/26/2013 0.29 0.01 ND 0.02 
CV22 6/26/2013 ND ND ND ND 
CV23 6/26/2013 ND ND ND ND 
CV24 6/26/2013 5.41 ND ND ND 
 
  µg/L 
Sample Lab Analysis 
Date 
Methane Ethane Ethene Propane 
CV29 10/28/2013 ND ND 0.01 ND 
CV30 10/28/2013 ND ND ND ND 
CV31 10/28/2013 ND ND ND ND 
CV32 10/28/2013 10156.43 87.81 ND 2.13 
CV33 10/28/2013 0.38 ND ND ND 
CV34 10/28/2013 ND ND ND ND 
CV35 10/28/2013 ND ND 0.02 ND 
CV36 10/28/2013 6.02 0.03 0.01 0.02 
CV37 10/28/2013 3.11 ND ND ND 
CV38-1 10/28/2013 0.51 ND ND ND 
CV38-2 10/28/2013 4.58 ND ND ND 
CV39-1 - - - - - 
CV39-2 10/28/2013 2.42 ND ND ND 





  µg/L 
Sample Lab Analysis 
Date 
Methane Ethane Ethene Propane 
MS1547 8/6/2020 28,862 895 bdl 25 
MS1548 8/6/2020 90 bdl bdl Bdl 
MS1549 8/6/2020 <10 bdl bdl Bdl 
MS1550 8/6/2020 bdl bdl bdl Bdl 
MS1551 8/6/2020 bdl bdl bdl Bdl 
MS1553 8/6/2020 bdl bdl bdl Bdl 
MS1554 8/6/2020 <10 bdl bdl Bdl 
MS1568 8/20/2020 92 bdl bdl Bdl 
MS1569 8/20/2020 14 bdl bdl Bdl 
MS1570 8/20/2020 bdl bdl bdl Bdl 
MS1571 8/20/2020 bdl bdl bdl Bdl 
MS1572 8/20/2020 177 bdl bdl Bdl 
MS1573 8/20/2020 bdl bdl bdl bdl 
MS1574 8/20/2020 29 bdl bdl bdl 
MS1575 8/20/2020 9 bdl bdl bdl 
MS1610 9/8/2020 bdl bdl bdl bdl 
MS1611 9/8/2020 bdl bdl bdl bdl 
MS1612 9/8/2020 bdl bdl bdl bdl 
MS1613 9/8/2020 bdl bdl bdl bdl 
MS1614 9/8/2020 bdl bdl bdl bdl 
MS1615 9/8/2020 bdl bdl bdl bdl 
 
 
